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Abstract

Septic arthritis of the hand is a serious disease that often results in dysfunction of the
joint or even the need to perform amputation of the finger. They rank second in the
frequency of occurrence after lesions of the knee joint. Many points concerning the
etiology, the timing of the development of cartilage destruction and the development of
osteomyelitis, approaches to surgical treatment, the duration of antibiotic therapy, and
the start of rehabilitation measures remain the subject of numerous discussions. Based
on a search in the PubMed, Web of Science and Google Scholar databases down to 1990-
2021, publications on septic arthritis of the hand were found and analyzed. The
following inclusion criteria were used in our review: (1) Septic arthritis of the hand; (2)
Published in a peer review journal; (3) Written in English; and (4) Full text version
available. Studies were excluded if they met any of the following criteria: (1) Letters; (2)
Articles published in abstract form only; and (3) Cadaveric studies.

Septic arthritis of the hand was characterized by the most frequent damage to the joints
of the index and middle fingers (> 50% of cases). Up to 90% of cases, the infection enters
the joint as a result of penetrating trauma, animal bites, etc. Staphylococcus aureus
became the most frequently isolated microorganism (30-55%), and its polyantibiotic-
resistant form Methicillin-resistant Staphylococcus aureus (MRSA) was found,

according to various sources, from 0% to 73% among all isolated Staphylococcus




aureus. In arthritis, Pasteurella multocida (6—11%) is often isolated as a result of animal
bites. Articular cartilage destruction in the experiment developed within 24-48 h after
infection. In clinical studies, the development of osteomyelitis was noted when
treatment was delayed by more than 10 days. X-ray data during the first two weeks
were uninformative. Priority of surgical treatment of septic arthritis. Drainage and
surgical treatment, and with the development of osteomyelitis, the implementation of
arthrodesis. Antibacterial therapy for 2-4 wk and early start of rehabilitation measures.
Timely surgical treatment in combination with antibiotic therapy and rehabilitation

makes it possible to obtain a positive result in the treatment of septic arthritis of the

hand.

INTRODUCTION

The hand is a unique anatomical formation of the human body, that determines its
authenticity and individuality. Injuries and diseases of the hand can have the most
tragic consequences, depriving the victims of the opportunity to continue their
professional activities, causing irreparable cosmetic damage, and often causing
disability!2l. Among the infectious pathologies of the hand, septic arthritis of the
metacarpophalangeal and interphalangeal joints is characterized by particular severity.
Delayed or inadequate treatment of these diseases can lead to loss of joint function or
even to the need for finger amputation(34l. In addition, persistent infection, impaired
function, and chronic pain after septic arthritis may warrant arthrodesis or amputation

in 50-75% of patients!!l.

PREVALENCE AND CAUSES

The incidence of purulent arthritis of the hand joints is characterized by significant
regional differences and ranges from 2 to 12 cases per 100,000 people per yearl5l. They
rank second in prevalence (15-20%) among purulent arthritis of other locations in

adults after lesions of the knee joint3l. However, according to other data, they are much




less common than 5% among septic arthritis patientsl’l. Among all hand infections, the
proportion of bone and joint lesions ranges from 5% to 18 %15

The joints of the index and middle fingers are most often affected (more than 50% of
cases). Information about the involvement in the inflammatory process of the distal
(DIP), proximal (PIP) interphalangeal joints and metacarpophalangeal (MCP) joints is
contradictory according to various authors. Some of them indicate a higher frequency of
DIP lesions, while others, on the contrary, indicate a more frequent involvement of PIP
or MCP in the inflammatory processl267l. At the same time, it should be noted that the
judgments of most authors are based on little clinical material.

As a rule, (85-90% of all cases) the infection entered the joint directly as a result of
tissue damage as a result of a domestic or industrial injury, animal or human bites, or
medical manipulationsl2l. Cat bites are significantly more likely than dog bites to cause
infectious complications. This is due to differences in anatomy and bite mechanism.
Dog bites are characterized by a crushing and tearing mechanism associated with
naturally blunt dog teeth. The sharp teeth of cats, piercing tissues, leave behind a
bacterial trail like an injection needle. This mechanism is characterized by slight tissue
damage, contributing to the retention of bacteria in the deep layers, which leads to
severe infectious complications!®l. Quite typical is the development of purulent arthritis
of the metacarpophalangeal joint in traumatic injury, called clenched fist injury. It is
dangerous not only because of tissue contamination with pathogenic microflora from
the oral cavity, but also due to possible damage to the extensor tendon, MCP capsule,
and metacarpal headl®l. It is possible to spread the infection to the joint with the
development of septic arthritis from the surrounding soft tissues with felon, and
pyogenic flexor tenosynovitis(1%.

Much rare (up to 10-12%) is the hematogenous route of igfection penetration into the
joint, and the source in most cases remains unidentified!24. When trauma is not evident,
the differential diagnosis should include degenerative arthritis, inflammatory arthritis,

crystalline arthropathy, cellulitis and soft tissue abscessl!112l.




MICROBIOLOGY

The microbiology of causative agents of septic arthritis of the hand has not been studied
in sufficient detail. Data have been published that among the isolated microorganisms
in septic arthritis, Staphylococcus aureus prevailed (30-55%), and among its strains, the
methicillin-resistant form (MRSA) was often found!?13-15] (Figure 1). Various types of
Streptococcus were also often isolated (up to 15%), including the most pathogenic
Streptococcus pyogenesll¢l. The level of gram-negative microorganisms remained
relatively high (up to 13%)3161. A feature of the microbial landscape of septic arthritis of
the hand was the fairly frequent release of Pasteurella multocida (up to 6-11%), the
causative agent of zoonotic infections, which usually enter tissues with animal bitesl7l.
With septic arthritis of the fingers, monoinfection prevailed, although cases of isolation
of associations of microorganisms (up to 5-19%) were not uncommonl(317l. The
importance of identifying pathogens was not only in conducting scientific analysis, but
also in the possibility of antibacterial therapy, taking into account the sensitivity of the
isolated microflora. However, according to researchers, successful isolation of

microorganisms in purulent arthritis of the hand occurred in only 50-70% of cases [2718],

PATHOGENESIS

Pathogenic microorganisms that have penetrated into the joint produce substances that
promote their adhesion and protection from humoral and cellular immunity factors.
The multiplication of bacteria leads to the spread of infection. In the initial stage of the
immune response of the macroorganism, a cell wall is formed, including macrophages
and polymorphonuclear leukocytes. The production of proinflammatory cytokines
(interleukin 1-B, interleukin-6, tumor necrosis factor-a, etc.) begins along with the
activation of the complement system. If it is impossible to eliminate the infection, the
immunological response continues to develop with the formation of byproducts that
lead to the release of matrix proteinases and lysosomal enzymes. They, in combination
with bacterial toxins, cause the degradation of host collagen. The formed articular

effusion disrupts the nutrition of chondrocytes, contributing to the occurrence of




cartilage destruction!22l. Experimental studies have shown that cartilage surface
erosion, degeneration and necrosis of chondrocytes appear starting from 24 h after
intra-articular injection of bacteria®2l. An in vivo study showed the death of
chondrocytes within 48 h of interaction with pathogenic microflora (S. aureus, E.
coli)(z325.26], Clinical studies indicate that delaying treatment by more than 10 days leads
to the development of osteomyelitisl*?”28l. Other authors note even later periods of
osteomyelitis — 1 mo or more after injuryl32l. Undoubtedly, timely treatment is the
most important factor preventing the occurrence of osteochondral destruction in
purulent arthritis, which was proven by a study in which, with an average treatment
delay of 5.4 days, osteomyelitis was not detected in any casel2l. Similar data are given by
M. Sinha et al (2006), who observed 26 patients with hand arthritis. The maximum
treatment delay was up to 6 days. At the same time, cartilage destruction was not

detected in any casel'?l,

CLASSIFICATION

Currently, a specialized classification of purulent arthritis of the hand has not been
proposed, which would reflect important parameters such as the destruction of bone
and cartilage structures, the tendons of the flexor and extensor of the finger, the
presence of paraarticular wounds and fistulas. Septic arthritis of the fingers found some
reflection in the classification of hand infections H. Brown (1978). It includes such forms
as: cellulitis, necrotizing fasciitis, paronychia, felon, pyogenic flexor tenosynovitis, deep
space infections, septic arthritis, and osteomyelitis*’l. The classification presents only
two variants of purulent arthritis, one of which is accompanied by the development of
osteomyelitis. Along with this, there is no information about the condition of the
surrounding soft tissues, the patient's immune status, or clinical data. The generally
accepted and recommended practice is to use the classifications developed for purulent
arthritis of large joints. One of the most successful for clinical use is the classification by
V.Tan et al (1998), which includes a number of important parameters/(3'l:

Joint name




Anatomic type:
I: Periarticular soft-tissue infection without pyarthrosis
II: Isolated septic arthritis
I1I: Septic arthritis with soft-tissue extension, but no osteomyelitis
IV: Septic arthritis with contiguous osteomyelitis
Host class:
A: Normal immune system
B: Compromised system
Bi: Local tissue compromise
Bs: Systemic immune compromise
C: Risk associated with aggressive treatment unwarranted
Clinical setting
1: Less than 5 days of symptoms and nonvirulent organism
2: Symptoms for 5 days or more, or a virulent organism
Clinical stage for the septic joint

Anatomic type + host class + clinical setting = stage

DIAGNOSTICS

The diagnosis of septic arthritis of the hand is based on a set of clinical, instrumental

and laboratory research methods. Among the clinical manifestations, there are

symptoms such as pain, swelling, skin hyperemia, dysfunction of the joint, and signs of

fluid accumulation in the joint cavityl!3l. The severity of clinical symptoms may differ

significantly depending on the acute or chronic course of the disease. A number of

authors, extrapolating the data used in the classification of periprosthetic infections of

large joints, highlight the acute or chronic course of arthritis of the hand. The acute

course is associated with a duration of symptoms of < 3 wk with a hematogenous route

of infection or < 4 wk with an exogenous source. In a chronic course, symptoms persist

for = 3 wk with a hematogenous route of infection of the joint or = 4 wk with a

nonhematogenous routel®2l.




Instrumental diagnostics may include radiography, ultrasound, computed tomography
(CT) and magnetic resonance tomography (MRI). X-ray data are usually uninformative
in the early stages, which can lead to diagnostic errors(’3l. Less than 5% of acute cases of
osteomyelitis of the hand are recognized on radiographsP3l. Signs characteristic of
osteomyelitis, such as osteolysis (70%), osteopenia (10%), osteosclerosis (10%),
periosteal reaction (10%), and sequestration (5%), appear on radiographs 2—-3 wk after
the onset of the diseasel8l. Technetium-, gallium-, and indium-labeled white blood cell
(WBC) scans are helpful in identifying acute osteomyelitis before the aforementioned
changes can be detected on plain radiographs!®l. Ultrasound examination makes it
possible to detect intra-articular effusion, and is also useful for pointing the needle
when puncturing small joints of the hand[>3*°]. MRI is a useful diagnostic tool to
visualize joint effusion, its distribution, and the destruction of soft tissues and
osteochondral structures of the joint. However, MRI is expensive and usually
accompanied by a significant time delay and therefore can only be used in an acute
situation to a limited extentl337]. CT makes it possible to examine bone structures in
more detail than MRI, losing the visualization of soft tissues/®¥l. Both methods are
necessary in the chronic course of the inflammatory process(*l. Laboratory diagnostics
consisted of conducting a microbiological and cytological study of the articular effusion.
Identification of the pathogen and determination of its sensitivity to antibiotics makes it

possible to conduct effective antibiotic therapyl21040],

TREATMENT

Recommendations for the treatment of patients with septic arthritis of the small joints of
the hand are based on data from retrospective studies and expert opinion. The choice of
sanitation method depends on the nature and severity of pathological changes and may
include: repeated punctures, arthroscopic drainage and open sanitation/'34!l. Puncture
treatment is effective only at the earliest stages of the disease, and arthroscopic
sanitation of small joints of the hand is very difficult, so open sanitation of the joint is

the most frequently performed surgical intervention*42. In the absence of




osteochondral destruction, the concept of continuous catheter irrigation, described by
D.A. Wright (1943) in the treatment of tendon sheath infections[*}l. Timely continuous
irrigation of the joint cavity made it possible to prevent the destruction of cartilaginous
tissue that accompanies septic arthritis. The authors noted such obligatory moments
during irrigation as: axial traction along with passive flexion and extension of the
jointl¥2l. The catheter was removed after the disappearance of edema and other clinical
manifestations of inflammation, usually after 2-5 days. The start of rehabilitation was
critical to joint function. Another treatment option has also been described: after
surgical debridement, a collagen sponge with gentamicin was installed in the joint, and
immobilization was performed for a period of 4 wkl#45l,

If signs of infection persist, a second operation is recommended within 24-48 h after the
first operation[+512l. There is only fragmentary information regarding the frequency of
reoperations for septic arthritis of the hand. A number of authors report that in most
cases (up to 80%) patients underwent 2 or more surgical interventions. The most
common of these was surgical debridementl21644. Often, this was associated with
suppuration of the paraarticular soft tissues and destruction of the flexor and extensor
tendons of the fingerl4®l. Progression of the infection, despite surgical debridement and
antibiotic therapy, may require amputation!l. Along with this, data on the treatment of
septic arthritis of the hand in two hospitals in Switzerland were published, where the
number of surgical interventions in 1 patient was 1. At the same time, the average delay
in surgical treatment from the onset of the disease was no more than 2-3 days#7l.

In cases of detection of destruction of the articular cartilage and osteomyelitis,
arthrodesis is recommended to prevent the formation of painful arthrosis or contracture
in a functionally disadvantageous positionl®*l. Most of the experts prefer primary
arthrodesis of the interphalangeal joints, while others favor secondary arthrodesis 4-6
wk after the primary revision with immobilization with an external fixator and the
introduction of a cement spacer with gentamicinl4131645] Single reports concern the
possibility of using the Masquelet technique in the treatment of septic arthritis of the

interphalangeal jointsP%%l. However, given the risk of purulent complications and




rejection of the bone autograft, the expediency of such an operation may be
questionable.

The course of septic arthritis of the hand in patients with diabetes mellitus is especially
severel?3]. Published data indicate that the need for arthrodesis increased by 1.7 times.
The risk of finger amputation increased even more, by 2.1 times!3l. Stiffness of the
interphalangeal joints after purulent arthritis in patients with diabetes mellitus
developed in more than 50% of cases, despite early activation and manual therapy
started 24 h after surgery!'3.

Antibacterial therapy, along with surgical treatment, is an essential component in
purulent arthritis of the hand. Taking into account the data obtained in the study of the
microbial landscape of purulent arthritis, the main antibacterial drugs used in their
treatment are: amoxicillin/clavulanate, clindamycin, levofloxacin, vancomycin,
cefazolin, and ceftriaxonel>'52l. Correction of empirical antibiotic therapy is carried out
taking into account the results of microbiological studies. Based on an extensive
systematic review evaluating the role of antimicrobials in the treatment of bone and
joint infections, it was concluded that there is no evidence that any drug is superior to
othersi3l. However, if the nature of antibiotic therapy in general does not cause
controversy among researchers, then its duration remains the subject of numerous
discussions. A frequently encountered opinion of experts indicates the need for a course
of antibiotic therapy for septic arthritis of the hand lasting approximately 1 moll¢l. As a
rule, both the initial parenteral and subsequent oral routes of drug administration are
included herel®]. On the other hand, E. Gjika et al (2019) conducted a prospective
randomized study (154 cases), which compared the effectiveness of 2 and 4 wk of
antibiotic therapy after surgical treatment of septic arthritis of the hand in adults. The
conclusion made proved the absence of any advantages of a 4-week course over a 2-
week coursel'8l. According to T.J. Kowalski et al (2014) found that the combination of
surgical treatment of a purulent focus with parenteral (less than 1 wk) and subsequent
oral (2-3 wk) administration of antibacterial drugs is optimall’l. To date, a combined

scheme (parenterally and then orally) for the administration of antibacterial drugs in




the treatment of septic arthritis of the hand is optimal, since it is designed for both

inpatient and outpatient treatment of patients(18541,

REHABILITATION

It is known that one of the negative consequences of septic arthritis of the hand is
stiffness of the joints!'l. In this regard, the question of the timing of the start of
rehabilitation of patients who underwent surgery for septic arthritis of the
metacarpophalangeal or interphalangeal joint remains important and
controversiall>?#. The duration of postoperative immobilization depends on the
presence of articular cartilage destruction and is the subject of numerous discussions.
The concept of supporters of early rehabilitation is that it contributes to the restoration
of range of motion after inflammation. It is believed that "ideal" rehabilitation should
begin 24 h after surgeryll0l. Along with these, there is an opinion that it is advisable to
apply a splint for several days or external fixation devices for 2—-4 wkl*#|(Figure 2).
The most important component in evaluating the results of treatment of septic arthritis
of the hand is not only the elimination of the infection but also the restoration of the
function of the affected joint, as well as the hand as a whole. Among the currently
existing questionnaires and scales, Disabilities of the Arm, Shoulder, and Hand (DASH)
d Total Active Motion (TAM) are the most widely used in assessing hand function.
Originally published in 1996 in the American Journal of Industrial Medicine, the
Disabilities of the Arm, Shoulder, and Hand (DASH) was a collaborative initiative
between the American Academy of Orthopedic Surgeons, the Council of
Musculoskeletal Specialty Societies, and the Institute for Work and Health. This
outcome measure was designed to be a standardized assessment of the impact on
function of a variety of musculoskeletal diseases and injuries in the upper extremities.
The DASH is a 30-item self-report questionnaire in which the response options are
presented on 5-point Likert scales. Scores range from 0 (no disability) to 100 (most
severe disability). This score was designed to be useful in patients with any

musculoskeletal disorder of the upper limbl**l. However, this questionnaire is




characterized by a significant degree of subjectivity and reflects the function of the hand
a whole to a greater extent than a specific joint or finger.
Total active motion (TAM) is described by the American Society for Surgery of the
Hand as the sum of active MCP, PIP and DIP arc of motion in degrees of an individual
digit. This calculation can then be compared to the TAM of the contralateral hand 156l
The TAM scale is objective and with high accuracy makes it possible to assess the
degree of dysfunction of a particular finger. Complementing each other, DASH and
TAM make it possible to obtain maximum information characterizing the functional

result of the treatment of septic arthritis.

CONCLUSION

Thus, septic arthritis of the hand is a serious disease that can lead to the destruction of
articular cartilage and the development of osteomyelitis, which, in turn, leads to loss of
joint function or even the need for amputation of the finger. Even isolated septic
arthritis is often accompanied by joint stiffness, which negatively affects the function of
the hand as a whole. In the treatment of this disease, timely surgical treatment is of
decisive importance, which, along with antibacterial therapy and a complex of

rehabilitation measures, makes it possible to achieve a positive result.
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