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Abstract: The paleopathological literature notably lacks the description and analysis of distal humeral
fractures and their associated complications. The objectives of this study were (1) to evaluate a
distal humerus fracture associated with cubitus valgus observed in the articulated right elbow of
an adult male buried in the Santa Caterina Friary site in Barcelona, dating back to the modern
period (15th to early 16th century), and (2) to contribute to the valorization of bioarcheological
heritage. Employing macroscopic and radiographic studies, the injury was assessed. The results
indicated a healed antemortem fracture, probably associated with a fall. In the AO/OTA classification,
it corresponds to type 13C1.1 (complete articular fracture, articular simple, metaphyseal simple,
above the transcondylar axis), accompanied by a coronoid process fracture due to anterior trochlear
dislocation impact (O’Driscoll type 1 classification: transverse fracture of the distal apophysis with
involvement of the sublime tubercle). This fracture, resulting in a 28° cubitus valgus and significant
elbow changes, infers community support in healing and highlights the socio-economic dynamics of
guilds and adaptive strategies to physical adversities. This study is one of the first to describe cubitus
valgus in a historical Spanish population, offering a comprehensive view of the complexities, physical
adversities, and adaptive strategies employed by individuals following an elbow fracture.

Keywords: paleopathology; skeletal trauma; elbow angular deformity; distal humerus fractures;
modern period; guilds

1. Introduction

A bone injury may be caused by an external force on the body, affecting the continuity
of the bone (fracture) or the anatomical connection (dislocation) [1,2]. Bone injuries can be
caused by accidents or violent interactions [3]. Accidental injuries are more common than
those resulting from violent interactions. However, in the paleopathological field, much
greater interest has been given to injuries resulting from violent interactions. Even so, the
analysis of accidental skeletal injuries, their patterns, and etiology offers valuable insights
into the lifestyles and behaviors of historical and prehistorical populations [4].

The articular surfaces of the elbow show great structural congruency, which makes the
humeroulnar joint one of the most stable joints in the human musculoskeletal system [5].
The distal humerus is angulated laterally in relation to its longitudinal axis, producing a 6°
valgus tilt of the forearm [3,6]. Thus, in the frontal plane, when the forearm is supinated
and in full extension, the radius and the ulna are not aligned with the longitudinal axis
of the humerus. This forearm angulation is called the carrying angle, and its function is
to maintain space between the forearm and hip when walking [3]. Any fracture, dislo-
cation, or congenital disorder can cause abnormal angulation of the elbow, leading to an
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excessive carrying angle (>20° cubitus valgus) or a deficient carrying angle (<0° cubitus
varus) [3], impacting the normal biomechanics and stability of the elbow [7,8]. In gen-
eral, healed fractures of the humerus and elbow exhibit subtle morphological changes,
leading to their rare documentation in the paleopathological literature [3,9,10]. Some au-
thors believe that humerus and elbow fractures rarely occurred in past populations [11,12].
However, incomplete skeletal recovery and differences in recording methods can cause the
underrepresentation of these cases and a reduction in their prevalence rates [3,10,12].

The objectives of the present study are twofold: (1) to describe and analyze a distal
humerus fracture associated with cubitus valgus from funerary unit 221 (FU-221), archae-
ologically dated to the modern period (15th-16th century) at the Santa Caterina Friary
archeological site in Barcelona; (2) to contribute to the valorization of bioarcheological
heritage. This site was located in the northwest of the Ciutat Vella district in the Ribera
neighborhood (Figure 1A), along Francesc Cambé Avenue (Figure 1B). The FU-221 was
located outside of the nave church and between two external buttresses of the Gothic
chapels (Figure 1C) and was related to a secular guild community with a profession that
required a high demand for physical effort [13,14]. By thoroughly describing, analyzing,
and contextualizing the fracture within the modern period and its spatial site, our aim is to
understand the impact of this fracture on the individual’s health and daily life.

A
""'J ; /
A ~> b 1
[" //"- e
Ciutat Vella district
B

s

Francesc Cambo Avenue

Figure 1. The location of the Santa Caterina Friary in the northwest of the Ciutat Vella district of the city
of Barcelona, Spain (A). The location of the Ribera neighborhood along Francesc Cambo6 Avenue (B).
Location of FU-221, situated between the exterior buttresses of the Gothic chapels (C).

2. Materials and Methods

The material under investigation is two articulated bones, consisting of a right humerus
(Humerus-009) and a right ulna (Ulna-012), found in anatomical connection and corre-
sponding to the same individual (Figure 2A,B). Both bones are almost complete, except for
the absence of the proximal epiphysis in the humerus and the styloid process in the ulna.
They were found in the funerary unit (FU) 221 of the Santa Caterina Friary archeological
site, specifically in stratigraphic unit 2369 (SU-2369), and they are housed in the Museum
of History of the City of Barcelona (MUHBA). Santa Caterina Friary belonged to the Do-
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minican order and was located in the Ciutat Vella district of Barcelona, Spain, serving as a
pivotal institution during the medieval and post-medieval periods.

Figure 2. Anteroposterior view (A) and posterior view (B) of the articulated right elbow (humerus
and ulna).

The FU-221 was located outside of the nave church of the friary, between two external
buttresses of the Gothic chapels (Figure 1C). Archeologically and anthropologically, it was
related to a secular guild community with a profession that required a high demand for
physical effort [13,14]. The individuals were exhumed during the archeological interven-
tions carried out between 1999 and 2003 by the company CODEX. Arqueologia i Patrimoni,
SCCL [13]. In FU-221, there were two layers of burials belonging to two clearly differenti-
ated historical periods: medieval and modern. The medieval period (13th to 14th centuries)
corresponds to not individualized secondary burials, a commingling of bone elements, and
is represented by a single stratigraphic unit (SU), SU-2378. The modern period (15th to
16th century) corresponds to successive primary burials and comprises five stratigraphic
units (SU): 2374, 2375, 2376, 2377 (corresponding to individual tombs), and SU-2369, which
corresponds to a collective burial that the bones are mixed and not individualized [13].
The last stratigraphic unit, SU-2369, is where the humerus and ulna of this study are from.
Therefore, in this study, establishing associations between the analyzed humerus and ulna
with other skeletal elements, such as the radius, shoulder girdle bones, and carpals, was
not achievable due to the commingling of bone elements in SU-2369.

FU-221 contained a minimum of sixty-two individuals, including at least fifteen males,
seven females, and five non-adults from the medieval period, as well as at least twelve
males, eight females, and fifteen non-adults from the modern period [14]. Differences in ro-
bustness, height, health, and physical activity were observed among these individuals and
the friars, with the friars being notably shorter and less robust. Additionally, individuals
from the medieval and modern periods of FU-221 were also more robust compared to their
peninsular contemporaries [14,15]. Notably, individuals from the modern period exhibited
lower levels of physical activity compared to their medieval counterparts, possibly due to
developments that facilitated less strenuous work during the transition to modernization,
with machinery technology likely reducing the physical force requirements and supporting
their primary work activities [14].

Anthropological and paleopathological studies were conducted at the Collections
Center of the Archaeological Archive of the Museum of History of the City of Barcelona
(MU-HBA). The sex and age of the analyzed elements were estimated using discriminant
function analysis and the degree of maturation and fusion of epiphyses [16], respectively.
Due to the incomplete condition of the bone and pathological alterations in certain anatom-
ical structures, measurements that were not affected by these conditions were employed.
Specifically, these included the least circumference of the humeral shaft, the anteroposterior
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shaft diameter of the ulna, the midshaft circumference, and the transverse shaft diame-
ter [17]. We scored the entheses as activity markers, utilizing the standardized method for
the postcranial skeleton proposed by Mariotti et al. [18]. Injuries were classified according
to the AO/OTA system (Arbeitsgemeinschaft fiir Osteosynthesefragen/Orthopedic Trauma
Association) [19], which is a clinical tool accepted and used in paleopathology research [3].

Measurements of the humerus and ulnae were obtained to evaluate the extent of the
injury. Maximum ulnar length and midshaft diameters of both the humerus and ulna were
recorded using an osteometric board and sliding calipers [20,21]. To assess the degree of
angulation, measurements of the elbow joint (composed of the humerus and ulna) were also
recorded. Elbow joint angularity was measured to assess the degree of angulation using 2D
renderings in Image] number of software 1.54f [22]. The carrying angle, which is measured
in supination between the long axes of the humerus and ulna, and the humeral tangential
angle (articular surface angle)—the angle formed between the humerus’s longitudinal
axis and the line drawn along the most distal axis of the capitellum and trochlea—were
measured [3].

Additionally, plain film radiography was conducted on both the humerus and ulna
at the Hospital Clinic in Barcelona. The radiographs were taken in two orthogonal
projections—anteroposterior and mediolateral—using Philips Diagnost W medical ra-
diological equipment, set at 50 kilovolts (kV) and 15 milliamperes per second (mAs), with
a focus-plate distance of 120 cm. The processing of the radiographs utilized digital radio-
logical MultiSync LCD 18805XW equipment, AGFA, Esplugues de Llobregat, Barcelona,
Spain, with adjustments made to brightness and contrast to achieve optimal image quality.

3. Results

The results indicate an adult male. A more precise age estimation was not possible
due to a lack of information. The humerus and ulna exhibit robust insertions: the deltoid
muscle insertion at the humerus (Figure 3A, blue arrows), and at the ulna, a conspicuous
curvature is discernible in the insertion of the pronator quadratus, indicating a pronounced
insertion (Figure 4A, green arrows), as well as the brachialis muscle insertion (Figure 4B,
blue arrows). When articulated, these two bones showed an elbow with excessive lateral
angulation (cubitus valgus) (Figure 2A,B).

Figure 3. Humerus-009 from FU-221 and SU-2369. Anterior view of the humerus with the associ-
ated radiograph (A). Magnification of the anterior view of the distal humerus with the associated
radiograph (B). Magnification of the posterior view of the distal humerus (C). Blue arrows indicate a
prominent deltoid muscle insertion. White arrows show remodeling of the fracture at the distal epi-
physis. Green arrows indicate post-traumatic arthritis in the trochlea and changes in its size. Yellow
arrows highlight osteophytes secondary to post-traumatic arthritis. Red arrows show osteophytes
and post-traumatic arthritis at the capitulum, medial, and lateral condyles. Purple arrows indicate
post-traumatic arthritis in the olecranon fossa.
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Figure 4. Lateral view of the right ulna with the associated radiograph (A). Anterior view of the right
ulna with the associated radiograph (B). Magnification of the proximal epiphysis of the right ulna
(C) and its radiographic image (D). White arrows show remodeling of the fracture at the coronoid
process of the right ulna. Green arrows show prominent pronator quadratus muscle insertion. Blue
arrows indicate a prominent insertion of the brachialis muscle. Yellow arrows indicate an eburnation
at the coronoid facet.

The examination of the distal part of the humerus (Figure 3A, white arrows) reveals a
healed fracture. The radiographic image depicts a radiolucent “Y”-shaped line dividing
the distal humeral epiphysis into three parts—separating the capitellum, trochlea, and
medial epicondyle (Figure 3A, white arrows)—corresponding to an AO/OTA type 13 C1.1
fracture (complete articular fracture, articular simple, metaphyseal simple, above the
transcondylar axis). Notably, the trochlea is slightly rotated postero-inferiorly, displaying
an unusually large and prominent size (Figure 3B, green arrows). A line of bone growth
anterior and transversal to the coronoid fossa secondary to post-traumatic arthritis is
observed (Figure 3B, yellow arrows). Macroscopic and radiological observations also reveal
new bone formation secondary to post-traumatic arthritis around the capitulum and in the
medial and lateral condyles (Figure 3B,C red arrows). Finally, at the olecranon fossa, bone
remodeling secondary to post-traumatic arthrosis is observed (Figure 3C, purple arrows).

The ulna also exhibits a healed fracture in the coronoid process within the sublime
tubercle (Figure 4A-D; white arrows). Radiographically, the presence of a radiopaque area
in the coronoid process indicates a transverse deposition of new bone, attributable to the
healed fracture in this region (Figure 4D, white arrow). The coronoid process was displaced
inferiorly and anteriorly due to the shear fracture. The coronoid facet was splayed widely,
and in a lateral view, the trochlear notch was V-shaped. Furthermore, partial eburnation at
the coronoid facet is observed (Figure 4C, yellow arrows). These fractures are probably due
to anterior trochlear humeral dislocation, provoking a probable O’Driscoll classification
type 1 (a coronoid process secondary fracture due to anterior trochlear dislocation im-
pact) [23], which refers to a transverse fracture of the distal apophysis with the involvement
of the sublime tubercle.

These humeral and ulnar morphological modifications precipitated biomechanical
alterations within the elbow joint. The collective impact of injuries involving both the
humerus and ulna significantly contributed to the evident angular deformity in the elbow
joint. Additionally, the prominent muscle insertions on both bones are likely the result of
overusing the joint due to previous fractures.

Anthropometric measurements, indexes, and angularity measures are detailed in
Table 1. These anthropometric data are crucial for understanding the dimensions of these
bones. However, due to the variability in the human skeleton and the trauma involved
in this case, it is impossible to establish the original anatomical morphology of the bones.
Ideally, comparing the left and right sides of the same individual can provide more accurate
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insights, particularly when comparing injured and non-injured sides. Given these consider-
ations, we present the measurements and indices for both bones as a reference. Notably, the
distal humerus is the most affected area in this case, with parameters such as epicondylar
breadth, distal articular breadth, olecranon fossa breadth, and minimum trochlear breadth
potentially being impacted by the injury. However, the most significant factor to consider is
the angularity of the elbow. The carrying angle, measured at 28°, indicates excessive lateral
angulation (cubitus valgus), which is a crucial feature in assessing the extent of the injury.

Table 1. Absolute measurements, indices, and elbow angularity values of the humerus and ulna from
FU-221 of the Santa Caterina Friary site.

Elbow Angularity
Humerus (Measurement/Index) Value Ulna (Measurement/Index) Value Measure of
. Value
Angularity
Midshaft circumference 60.80 mm Physiological length 255.00 mm
Maximum midshaft diameter 17.70 mm Minimum circumference 40.80 mm .
Carrying angle 28°
Minimum midshaft diameter 17.00 mm Midshaft circumference 51.20 mm
Epicondylar breadth 64.90 mm Maximum anteroposterior diameter 13.30 mm
Distal articular breadth 42.30 mm Medlo!atergl 10.60 mm
anteroposterior diameter
Olecranon fossa breadth 21.90 mm Olecranon anteroposterior diameter 27.3 mm Humeral
. 137°
Minimum trochlear breadth 16.60 mm  Olecranon coronoid process distance 24.90 mm tangential angle
Deltoid V circumference 70.30 mm
Midshaft index 20.08 cm
Robustness index 18.04 cm

4. Discussion

This article presents a case of a complete articular fracture (AO/ATO type 13C1.1) of
the distal humerus, accompanied by a secondary fracture of the coronoid process due to
the anterior trochlear dislocation impact (O’Driscoll type 1), resulting in cubitus valgus.
These findings were observed in the remains of a robust male from an unidentified guild
buried at Santa Caterina Friary (15th to early 16th century).

Paleopathological records indicate varying prevalence rates of humeral fractures,
ranging from 0% to 4.4% [3,11,24-27]. In contemporary clinical settings, distal humeral
fractures are infrequent, constituting only 2% of all adult fractures [28,29], with an incidence
of less than 10 per 100,000 of the population per year and an almost equal male-to-female
ratio [29,30]. Some studies suggest prevalence rates of distal humerus fractures ranging
from 0.5% to 7%, comprising 30% of elbow fractures [31,32]. In historical populations
such as this one, cubitus valgus as a complication of humeral fracture has rarely been
described. This angular deformation of the elbow can be the result of lateral condylar
mal-union or non-union in the distal humerus [8,33]. Nevertheless, it can also be caused by
the dislocation of the elbow [34,35] and the development of congenital disorders, such as
achondroplasia [36]. Achondroplasia is a metaphyseal dysplasia, which modifies the bone
epiphyses, giving it a very distinct form. This disorder was discarded because it is not a
likely causative factor in the analyzed case.

Clinically, distal humeral fractures are commonly associated with falls in the elderly
or high-energy impacts such as traffic accidents in the young [29]. Falls often result in
injuries to the forearm and lower leg joints [3,37]. During a fall, individuals instinctively
protect themselves by either extending or flexing their arms, leading to fractures of the
forearm or elbow [38]. However, due to the incomplete skeleton in this case, the specific
mechanism of injury cannot be determined. Indirect impacts on the elbow generate axial
forces along the radius, ulna, and distal humerus, resulting in posterior displacement of
the joint segments, whereas direct impacts on a flexed elbow cause anterior displacement
of the joint segments [39].
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The reported fracture in this case suggests a fall onto the right outstretched arm, as
evidenced by the posterior rotation of the trochlea and coronal displacement of the ulnar
coronoid process. It is probable that this individual’s radius also sustained a transverse
fracture of the radial head, although confirmation is difficult due to the absence of the radius
element. Consideration was also given to the possibility of concurrent ankle injuries before
or after the elbow injury; however, insufficient information precludes further determination.

The timing of the injury during the individual’s lifetime remains uncertain. Fracture
healing and remodeling periods vary among individuals, influenced by factors such as
stabilization and mobility of the injured limb [40,41]. In adults, fracture remodeling may
begin as early as one month post-injury, with full healing typically taking three to five
months and possibly extending over years [42]. However, angulation in the coronal plane
as seen in cubitus valgus may persist without surgical intervention, potentially worsening
with age [43,44]. From a clinical perspective, the average time to union for distal humeral
fractures following surgical intervention is 12-14 weeks [45]. In the presented case, fusion
and remodeling of the fracture margins with marked angulation indicate that several years
have likely passed since the injury, suggesting that some form of care was provided.

Treatment

In the 15th to early 16th century, management of elbow fractures such as the reported
type 13-C1.1 likely involved immobilization with splints made from wood, metal, or leather
to minimize movement and support healing [46]. Linen or cotton bandages were used to
secure the splints and provide additional support. There was a formula for a kind of plaster
casing anticipating the modern plaster [46]. Albucasis of Cordoba (936-1013), for humerus
fractures, applied plasters of mill-dust and egg-white immediately after reduction provided
no swelling or inflammation was present [47]. Herbal remedies, including poultices made
from comfrey, arnica, and chamomile, were usually applied for pain relief and healing
promotion [46—48]. Surgical intervention was rare during this historical period, with severe
cases potentially resulting in amputation [46—-48]. In fact, knowledge in bone and joint
anatomy of the shoulder and elbow useful for surgical purposes is not found in medieval
sources [47]. This information starts to be evident in the Renaissance with the studies
of Leonardo da Vinci, who demonstrated biomechanical knowledge of these anatomical
regions [47]. Despite consideration for surgical intervention, the reported case healed
adequately, preserving relatively the anatomy of the elbow joint.

Cubitus valgus restricts elbow motion, but forearm rotation is usually unaffected [8,49].
In this case, visible angulation would have been present at the angle of the arm, with
limited elbow joint motion. While there may have been some pain, limited functionality
may have still been possible, as evidenced by the presence of osteoarthritic changes. The
absence of synostosis suggests that, despite potential pain and complications, the individual
retained functional use of the joint for daily activities. This resilience is evidenced by the
development of musculoskeletal stress markers in the deltoid, brachial, and pronator
quadratus muscles, muscles engaged in activities such as throwing, domestic chores,
livestock handling, or heavy lifting [50].

Distal humeral fracture may affect the neurovascular supply of the elbow and fore-
arm [51,52], resulting in a quarter of the cases in the damage of the median or ulnar
nerve [53]. In addition, the carrying angle augmented increases the probability of ulnar
neuropathy [54,55]. The incidence of ulnar neuropathy following non-surgical treatment
is high [54,56]. Thus, it is highly probable that this individual would have had visible
and functional impairment, including difficulty carrying heavy weights and possible loss
of sensation and fine motor skills to the right hand. Limited function in the injured arm
requires extra compensation in the uninjured arm.

Currently, treating distal humerus fractures remains challenging due to the complex
triangular anatomy. Even with modern techniques, achieving and maintaining anatomi-
cally correct reductions during healing is difficult, often resulting in misalignment post-
recovery [57,58].
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Considering the previous archeological and anthropological information, FU-221
seems to correspond to the burials of a secular guild community with a profession that
required a high demand for physical effort [13,14], as indicated by the presence of this
distal elbow fracture. This affirmation is also reinforced by the high prevalence of traumatic
pathologies, such as Schmorl’s nodes among individuals (49.10% in the medieval series and
34.30% in the modern series), significant disparities in antemortem trauma (31.10% in the
medieval series and 9.00% in the modern series) [14], and markers of occupational stress
and robustness compared to friars and contemporary individuals from the Santa Caterina
site and the other contemporary Mediterranean populations [14,15]. It is reasonable to infer
that these guild members of FU-221 engaged in continuous physically demanding activities,
with increased risks of accidents related to hazardous tasks or the use of machinery as
primary occupational activities. The sustained rigor of these guild activities and increased
accident risks are particularly noteworthy, pointing to some type of occupation such as that
of metalworkers.

The requirement for affluent individuals to afford burial strongly suggests that these
guild members belonged to a financially well-off social class, highlighting their elevated
status and potential contributions to the guild’s economic prosperity [59]. In the 13th
century, in Barcelona, many artisans were grouped into corporations that, in the 14th
century, were transformed into guilds, extending into the modern period of the 16th
century. The guilds not only trained new artisans but also defended the economic and
professional interests of those who belonged to the same trade. They controlled production
levels and set prices. The guilds formed the foundations of medieval and modern society
in Barcelona [60]. The members of these guilds gained significant political importance due
to the creation of the Consell de Cent (Council of One Hundred), which gave them a political
force unmatched in any other city in Spain [60].

5. Limitations

Assessing a differential diagnosis in cases involving commingled remains or poorly
preserved skeletons poses unique challenges. Despite these difficulties, numerous studies
provide evidence that the meticulous examination of both commingled remains and poorly
preserved individualized remains is feasible [61]. Advancements in the field of paleopathol-
ogy and the application of technological tools aim to enhance the accuracy of diagnoses,
even in challenging conditions.

The limitation of this study is the absence of the radius, carpals, shoulder girdle,
and entire skeleton. These elements, in general, would have been crucial for providing a
better description of the individual, a more precise diagnosis, and more comprehensive
information about this individual’s health.

6. Conclusions

This article describes and analyzes the case of a distal humeral fracture in an adult male
buried at the Santa Caterina Friary site in Barcelona from funerary unit 221 (15th to early
16th century). The individual exhibited a healed elbow fracture, specifically showing healed
distal humerus and proximal ulna fractures, resulting in cubitus valgus (28°). The humerus
fracture was classified as type 13C1.1 according to the AO/OTA system. The proximal ulna
fracture was classified as O’Driscoll type 1. This is one of the first paleopathological cases
from Spain in which a cubitus valgus is described. The identified fracture probably resulted
from a fall onto the right outstretched arm, revealing posterior rotation of the trochlea and
coronal displacement of the coronoid process. The absence of the radius complicates the
confirmation, and the possibility of concurrent ankle injuries is considered. The timing of
the injury remains uncertain, and the healing and remodeling process can vary, impacting
functional outcomes.

Bioarcheological and paleopathological records contextualize the prevalence of humeral
fractures, emphasizing the challenges of identifying and reporting healed fractures in the
archeological record. The observed enthesopathies provide clues about the individual’s
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lifestyle and occupational stress. Treatment in the 15th and early 16th centuries likely
involved immobilization with splints and herbal remedies. Despite potential limitations in
medical knowledge and technology, the reported case healed without surgical intervention,
suggesting that the individual adapted to the injury, although likely experiencing long-term
discomfort, probable functional impairment of the arm, and possible ulnar neuropathy.

This case, along with paleopathological observations of other individuals from the
guild community in FU-221, underscores the physically demanding nature of their occupa-
tion. In summary, this case not only contributes to the understanding of paleopathology
but also provides insights into the socio-economic dynamics and challenges faced by
guild-affiliated individuals during the medieval period in Barcelona. The integration of
archeological, clinical, anthropological, and paleopathological perspectives enriches our
knowledge of the complexities of life in the past, emphasizing the resilience and intercon-
nectedness of communities in overcoming physical adversities.
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