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¢ Gaydess A, Duysen E, Li Y, Gilman V, Kabanov A, Lockridge O, et al. Visualization of exogenous delivery
of nanoformulated butyrylcholinesterase to the central nervous system. Chem Biol Interact.
2010;187:295-8. doi: 10.1016/j.cbi.2010.01.005. PubMed PMID: 20060815; PubMed Central PMCID:
PMC2998607.
eJavan S, Tabesh M. Action of carbon dioxide on pulmonary vasoconstriction. J Appl Physiol. In press 2005
Complete Book:
¢ Guyton AC: Textbook of Medical Physiology. 8th ed. Philadelphia, PA, Saunders, 1996.
Chapter in Book:
e Young VR. The role of skeletal muscle in the regulation of protein metabolism. In Munro HN, editor:
Mammalian protein metabolism. Vol 4. San Diego; Academic; 1970. p. 585-674.
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RCTs; such as those evaluating ESWT, and studies
addressing post-CTR pain within the broader context
of reducing opioid use have shifted clinical practice
toward non-invasive approaches.!'> ** 2 From a
preventive standpoint, data on skin-closure techniques
suggest that even minor technical details can
meaningfully influence early pain experiences
following surgery.®? Looking forward, there is a clear
need for multicenter trials employing standardized
definitions of “pillar pain,” adequate sample sizes, and
follow-up periods of at least 6 to 12 months.

Conclusion

Pillar pain after CTR is common but typically
self-limiting. Its  etiology is  multifactorial,
encompassing biomechanical changes, cutaneous
nerve involvement, and scar-related factors. A
management approach centered on patient education,
rehabilitation, and non-opioid analgesics,
supplemented selectively with minimally invasive
modalities such as ESWT or PBMT in refractory
cases, is consistent with current evidence. For
persistent pain, reassessment and targeted treatment
(e.g., neuroma management or addressing underlying
osseous or articular pathology) become essential.
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randomized controlled trial comparing endoscopic
and open CTR, no significant differences were
observed in symptom improvement or long-term
outcomes; however, the endoscopic technique showed
advantages in certain early postoperative functional
measures and pain reduction.?” Systematic reviews
and meta-analyses similarly indicate that the
endoscopic approach is often associated with modest
improvements in patient satisfaction, faster return to
work, and reduced scar-related sensitivity, while
long-term outcomes remain largely comparable
between the two techniques. Both methods are
considered safe and effective, and technique selection
should be based on surgeon experience and patient
preference.®®

Incision Location, Skin Closure, and Scar-Related
Factors

Incision placement and skin-closure technique may
influence short-term localized sensitivity and
discomfort. Earlier randomized trials found no
significant differences in pillar pain among various
incision designs, although scar tenderness may
vary.® A recent RCT (2025) demonstrated that
subcuticular closure using absorbable Monocryl,
compared with interrupted nylon sutures, resulted in
reduced pillar pain and improved early postoperative
scar quality. Two studies evaluating the use of drains
in CTR reported differing results; in the study by
Abdali et al., drain placement did not yield superior
clinical outcomes.®® 3V  Additionally, a 2025
randomized clinical trial comparing simple
interrupted versus vertical mattress sutures in a palmar
incision found no long-term difference in
postoperative pain or scar quality attributable to suture
technique.®?

Technical Modifications to Reduce Pillar Pain

A number of technical refinements aimed at
minimizing tissue trauma and scar formation (e.g.,
altering incision trajectory, reducing tension over
thenar and hypothenar eminences, or employing more
proximal approaches) have been proposed. Newer
studies examining direct-vision proximal incisions or
mini-incision instruments have reported acceptable
outcomes, though higher-level evidence is needed for
definitive conclusions.(3 3%

Management of Refractory Cases and Selective
Surgical Options

For pain persisting beyond 3 to 6 months, detailed
evaluation for structural causes is essential. In
refractory ulnar-sided pain with imaging evidence of
hook of hamate pathology, surgical excision of the
hook can lead to symptomatic improvement.®> In
cases involving neuroma or entrapment of the palmar
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cutaneous branch, targeted procedures such as branch
decompression or neuroma-focused techniques,
including newer options like targeted muscle
reinnervation (TMR) in selected patients, have been
reported.® 3 For revision CTR, options such as
hypothenar fat pad flap for median nerve coverage
have been described, with recent studies providing
supportive evidence for its effectiveness in selected
cases.(73%)

Proposed Algorithm for the Management of
Pillar Pain

Stage 1 (0—6 weeks post-surgery)

Conservative approach including patient education
and reassurance regarding the expected symptom
trajectory, modification of activities that increase
palmar pressure, use of simple analgesics such as
acetaminophen or NSAIDs if needed, along with scar

care and initiation of gentle range-of-motion
exercises.

Stage 2 (6—12 weeks)

For persistent symptoms, begin  structured

occupational therapy focusing on desensitization
techniques, controlled deep scar massage, and targeted
functional exercises. Noninvasive modalities such as
Photobiomodulation Therapy (PBMT) may be used as
adjunctive treatments.

Stage 3 (beyond 12 weeks or moderate-to-severe
refractory pain)

Consider minimally invasive interventions such as
ESWT.

Stage 4 (beyond 3-6 months or suspicion of
structural pathology)

If pain persists or underlying pathology is suspected,
further diagnostic evaluation, including imaging and
electrodiagnostic studies, is recommended. Based on
findings, selective interventions such as targeted
injections or corrective surgery (e.g., neuroma
treatment or hook of hamate excision) may be
pursued.

Emerging evidence indicates that the successful
management of pillar pain depends less on any single
intervention and more on accurate identification of the
predominant underlying mechanism alongside a
structured, stepwise treatment strategy. Meta-analyses
emphasize that the majority of cases resolve within six
months, highlighting the importance of patient
education and the avoidance of premature invasive
interventions.®) At the same time, recent targeted

]
)




Pillar Pain After Carpal Tunnel...

Education, Occupational and

Rehabilitation

Scar-management approaches (scar massage, silicone
gel, desensitization techniques), range-of-motion
exercises, gradual return to activity, and targeted
strengthening of the thenar muscles when indicated
can help alleviate localized symptoms.

Therapy,

Table 1. Comparison of Non-Surgical and Minimally Invasive

Treatments for Pillar Pain or Post-CTR Pain

Intervention Key Benefits Limitations
Patient Education + . . ..
aten u?a on Low-risk;customizable; Limited and
Occupational . .
improves function and heterogeneous
Therapy (Scar .
palmar load tolerance RCT evidence
Massage)
Caution in
NSAIDs and P{flilil control without patieflts w%th
. opioid-related adverse gastrointestinal
Acetaminophen
effects or renal
disorders
Sedation and
May be useful for dizziness;
Gabapentinoids neuropathic-predominant should be
pain selective and
short-term
Conflicting
Corticosteroid . idence;
. O. IC(.)S er.01 Short-term relief reported evidetice; may
Injection in Pillar or . . prolong
. in some studies
Scar Region symptom
resolution
Improved pain and Protocol
ESWT function in refractory variability; need
pillar pain for larger RCTs
. Variabl
. . Reduces pain and ariable
Photobiomodulation inflammation: protocols;
(PBMT) L limited
non-invasive S
availability
Limited

evidence; high

Emerging option
TS OPHOT TOT | cost and limited

Fractional CO: Laser .
resistant cases

accessibility
CO:

Reviews of postoperative care following CTR
emphasize the lack of high-quality evidence
supporting a single standardized protocol; however,
functional  rehabilitation and  desensitization

techniques are commonly used in clinical practice.®®
21

Pharmacologic Therapy

For short-term postoperative analgesia after CTR,
acetaminophen and non-steroidal anti-inflammatory
drugs are generally recommended as first-line options
because they provide adequate pain control in most
patients and have more favorable safety profiles.
Evidence from clinical trials and recent reviews
highlights the overall superiority of non-opioid
approaches compared with routine opioid prescribing
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after CTR. The effectiveness of non-opioid regimens
(such as acetaminophen combined with ibuprofen) is
not inferior to opioids and is associated with fewer
adverse effects and lower risks such as nausea,
constipation, sedation, and dependence.?* 2 Recent
systematic reviews report similar conclusions."'® For
predominantly neuropathic symptoms (burning or
shooting pain), short-term use of agents such as
gabapentinoids may be considered, but they should be
prescribed selectively and with attention to their
side-effect profiles.¥

Injections and Minimally Invasive Interventions

Corticosteroid injection into the pillar area or scar is
used in some centers for persistent pain. However, a
recent double-blind trial evaluating intraoperative
pillar injections found no significant improvement in
function or reduction in pillar pain, and even reported
delayed symptom resolution in the steroid group.®
Therefore, corticosteroid injections should be used
cautiously, preferably after excluding other etiologies
and within a shared decision-making framework.

Extracorporeal Shockwave Therapy (ESWT)

ESWT represents a novel, noninvasive therapeutic
option for refractory pillar pain. In a double-blind
randomized clinical trial, ESWT demonstrated more
rapid improvement in pain and functional outcomes
compared with the control group.'” Another study has
also reported supportive findings.!'"® Despite these
promising results, heterogeneity in treatment
protocols (e.g., number of sessions, energy levels) and
relatively small sample sizes underscore the need for
larger, well-designed trials to establish standardized
recommendations.

Photobiomodulation and Therapeutic Lasers

Photobiomodulation and low-level laser therapy are
employed with the aim of reducing inflammation and
modulating pain. A randomized controlled trial
evaluating photobiomodulation after CTR reported
improvements in certain pain and functional
indices.!” In refractory cases, fractional CO: laser
therapy has emerged as a novel approach for reducing
pillar pain and improving scar quality; a retrospective
pilot study demonstrated favorable outcomes.®
However, the level of evidence remains limited, and
this modality is not yet considered a standard
treatment.

Surgical Interventions, Prevention, and

Technical Modifications

The choice of surgical technique for carpal tunnel
release (CTR), open, endoscopic, or minimally
invasive, can influence local pain, scar tenderness, and
the timeline for return to activity/work. In a recent
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These findings highlight that adopting a coherent
strategy based on patient education, reassurance
regarding the typically transient nature of symptoms,
and a conservative approach in the early stages plays
a key role in the successful management of this
complication. Given recent advances in the etiology
and novel minimally invasive treatment modalities,
updating the available evidence and proving a
practical management algorithm appears essential.

Materials & Method

This article is a narrative—analytical review
incorporating elements of a structured search. English
keywords including pillar pain, carpal tunnel release,
postoperative pain, rehabilitation, extracorporeal
shockwave therapy, photobiomodulation, skin
closure, and endoscopic/open CTR were searched in
PubMed. Systematic reviews and meta-analyses,
clinical trials, and relevant cohort studies were then
screened and selected based on methodological
quality and clinical applicability. To emphasize
“recent evidence,” priority was given to sources
published between 2018 and 2025; however, classical
references were also used for anatomical and
pathophysiological foundations.

Clinical Definition and Natural History

Pillar pain typically emerges within the first few
weeks after CTR and gradually diminishes over time
in most patients. In a recent meta-analysis, the highest
prevalence was reported between 6 and 12 weeks
postoperatively, with most cases resolving by 6
months.® In a prospective cohort study using a mini-
open WALANT technique, the risk of experiencing
pillar pain was approximately 49%, with a median
symptom duration of nearly 3 months.” Nonetheless,
a subset of patients may experience persistent pain
lasting beyond 6 months, often associated with local
factors such as adherent scar tissue, hypersensitivity
of cutaneous nerve branches, adjacent joint pain
syndromes, or mechanisms related to pain
sensitization.®

Etiology and Pathophysiology

Pillar pain is not a single-cause phenomenon; rather, it
likely results from the interplay of multiple
mechanisms. The most prominent hypotheses include:

Biomechanical alterations: Division of the transverse
carpal ligament increases the width of the carpal arch
and alters carpal relationships, particularly on the
ulnar side.®” These changes may increase abnormal
loading on the thenar/hypothenar regions and at
muscular attachment sites.

—
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Soft tissue inflammation and scarring: Local
inflammation, subcutaneous hemorrhage, and scar
formation can stimulate nociceptors and produce
tenderness with direct pressure.®)

Injury or sensitization of cutaneous nerves: The
palmar cutaneous branch of the median nerve
(PCBMN) and ulnar cutaneous branches may undergo
traction or adhesion during surgery or tissue healing;
neuroma formation or entrapment of these branches
can result in focal, sharp, or radiating pain.®-1?

Adjacent joint pain: Previously unrecognized
pisotriquetral arthritis or pathology of the hook of the
hamate may manifest as ulnar-sided palmar pain after
CTR.(L12)

Mechanisms of persistent pain: In prolonged cases,
peripheral and central sensitization, along with
psychosocial factors such as anxiety and fear of
movement, may modulate symptom severity.* %

Clinical Evaluation and Differential Diagnosis
The diagnosis of pillar pain is primarily clinical and is
based on the characteristic location of pain (the palmar
pillars), exacerbation with compression or
weight-bearing through the palm, and the absence of
classic signs of recurrent CTS. In cases of persistent
pain or atypical features, alternative etiologies should
be considered, including incomplete release, scar-
induced nerve compression, Guyon’s canal syndrome,
neuroma, pisotriquetral arthritis, fracture or
inflammation of the hook of the hamate, and CRPS.'>
1419 Ultrasonography can be helpful for evaluating
scar tissue, hematoma, cutaneous nerve branches, and
recurrence or incomplete decompression of the
median nerve.

General Treatment Principles and Stepwise
Management Algorithm

Given the generally self-limiting course of pillar pain,
management should be tiered and tailored to symptom
severity and functional impairment.) First-line
measures include patient education and reassurance
regarding the transient nature of the pain, activity
modification (avoiding direct palmar pressure), and
initiation of simple rehabilitation. If symptoms remain
insufficiently controlled after 4 to 8 weeks, more
specialized occupational therapy interventions and
minimally invasive modalities, such as ESWT or
PBMT, may be considered.!'’"!” In persistent cases
exceeding 3 to 6 months, reassessment for differential
diagnoses is recommended, and if appropriate,
selective injections or surgical interventions may be
considered.!'> ' The majority of patients improve
with non-operative strategies, which include:
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Pillar Pain After Carpal Tunnel Release
(A Review Study)

ﬁbstract \

Introduction: Pillar pain is one of the common sequelae after carpal tunnel release (CTR), presenting as deep pain
or tenderness upon pressure on the thenar and hypothenar regions. It potentially interferes with return to work and
patient satisfaction. This narrative review was conducted with a focus on the etiology, emerging therapeutic
approaches, and a practical management algorithm for pillar pain.

Materials & Methods: A structured search of PubMed and complementary sources was performed from 2018 up
to December 2025. Clinical trials, systematic reviews and meta-analyses, cohort studies, and high-quality narrative
reviews addressing pillar pain, risk factors, pathophysiology, or post-CTR treatments were identified and
categorized.

Results & Discussion: The evidence suggests that pillar pain is a self-limiting condition, and approximately half
of the patients may experience it, with most cases resolving within 3 to 6 months. The etiology is multifactorial
and includes biomechanical alterations of the carpal arch after division of the transverse carpal ligament, soft-tissue
inflammation or scarring, irritation or neuroma of the palmar cutaneous branch of the median nerve, and central
mechanisms. Non-surgical treatment is the mainstay of management and encompasses patient education and
reassurance, occupational hand therapy modalities (desensitization, massage, graded exercises), non-opioid
analgesics and anti-inflammatory medications. In refractory cases, minimally invasive options such as
extracorporeal shock wave therapy (ESWT) and photo biomodulation may be used. Emerging evidence on
fractional CO: laser therapy for treatment-resistant pillar pain is promising but still limited. From a preventive
standpoint, minimally invasive techniques and appropriate choice of skin closure method may influence short-term
pillar pain.

Conclusion: Pillar pain after CTR is usually benign and transient but requires a stepwise, multimodal approach.
Combining patient education, targeted rehabilitation, and non-opioid pain strategies, with selective use of
minimally invasive interventions in refractory cases, offer safe and efficacious treatment.

Keywords: Carpal tunnel syndrome, carpal tunnel release, pillar pain, postoperative pain
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Introduction

Carpal tunnel syndrome (CTS) is the most common compressive neuropathy of
the upper extremity, caused by entrapment of the median nerve at the wrist. This
syndrome is associated with symptoms such as pain, paresthesia, and thenar
weakness, and can significantly affect quality of life, work ability, and daily
functioning. In cases resistant to conservative treatment or in moderate to severe
cases, carpal tunnel release (CTR) is considered the gold standard treatment.(:
2 Although CTR often leads to significant improvement in neurological and
functional symptoms, certain postoperative local complications, including scar
tenderness, palmar pain, and so-called "pillar pain," can disrupt the
rehabilitation process and undermine patient satisfaction.® Pillar pain typically
refers to pain felt in the two palmar pillars: the radial pillar (thenar region) and
the ulnar pillar (hypothenar region). This pain is exacerbated by direct pressure
or leaning on the palm and is often accompanied by reduced grip strength,
avoidance of hand use, and considerable patient anxiety. Despite its relatively
high prevalence (some studies have reported an incidence of nearly 50%), pillar
pain remains incompletely understood, and a wide range of diagnostic and
therapeutic approaches exist for its management.
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removed, and the fracture was fixed with open
reduction and plate fixation (Fig. 2).

Materials & Methods

Concurrent femoral shaft fractures and lower limb
amputations are rare but clinically demanding,
particularly in high-energy trauma scenarios where
multisystem injuries, such as those reported in road
traffic collisions or crush mechanisms, lead to
simultaneous fractures at various levels in femur and
amputations around the knee.?®

Patients frequently present with hemodynamic
instability, necessitating initial orthopedic damage
control through external fixation to stabilize fractures,
manage open wounds, and facilitate soft tissue
reconstruction, as demonstrated in polytrauma cases
where  delayed  definitive fixation reduces
complication risks.®)

Figure 2: Photograph and radiograph of midshaft femoral
fracture post-plating

Soft tissue injuries exacerbate  challenges,
complicating debridement, wound closure, and
subsequent definitive treatment, often requiring skin
grafts or flaps, which delay internal fixation and
increase the infection rates in often osteoporotic
bones, commonly observed in amputees population.®
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Positioning for surgery is particularly challenging due
to the length of the stump and the absence of distal
anchors. The literature describes adaptations, such as
inverted boots for transtibial amputations, Schanz pins
for version control in transfemoral cases, Kirschner
wires for traction in short stumps, and skin traction for
non- displaced fractures, which enable fluoroscopic-
guided reduction on fracture tables.

Conclusion

For proximal femoral fractures the options include
DHS for stable and PFNA for unstable
intertrochanteric fractures, and arthroplasty (hemi or
total) in elderly or arthritic patients for early
ambulation. Femoral shaft fracture management is
complex, and therefore, plating is favored for distal
fractures, which may be risking nonunion in
contaminated wounds. Femoral nailing offers
biomechanical advantages in midshaft cases, yet
carries risks of femoral neck fractures during insertion
in osteoporotic bone and would complicate reduction
without the use of standard traction. Staged
approaches, as in our cases, with initial external
fixation followed by nailing or plating after stump
healing, mitigate these issues, but standardized
protocols are essential to optimize outcomes, reduce
reoperation  rates, and enhance  prosthetic
rehabilitation in these rare presentations.

Conflict of interest

The authors declare no conflict of interest.

References

1.  Moxey PW, Gogalniceanu P, Hinchliffe RJ, Loftus IM, Jones
KJ, Thompson MM, Holt PJ. Lower extremity amputations-a
review of global variability in incidence. Diabet Med. 2011
Oct;28(10):1144-53. doi: 10.1111/j.1464-5491.2011.03279 x.
PMID: 21388445.

2. Mitrasinovic S, Kiziridis G, Wellekens S, Roslee C, Anjum SN.
Innovative Method of Traction in a Bilateral Diaphyseal Femur
Fracture in a Polytrauma Below-Knee Amputee. Case Rep

Orthop. 2019 Mar 24; 2019:8691398. doi:
10.1155/2019/8691398.  PMID:  31019826;  PMCID:
PMC6451792.

3. Takeba J, Imai H, Kikuchi S, Matsumoto H, Moriyama N,
Nakabayashi Y. A Simple Method for Positioning the Traction
Table during Fixation Surgery for a Displaced Femoral
Trochanteric Fracture in a Patient Following Ipsilateral Above-
the-knee Amputation: A Case Report. J Orthop Case Rep. 2020
Oct;10(7):76-79.  doi:  10.13107/jocr.2020.v10.i107.1926.
PMID: 33585322; PMCID: PMC7857662.

4. Nannaparaju M, Annavaram K, Anwar R, Khan WS, Hambidge
J. Serial Femoral Fractures in An Amputation Stump: A Case
Report. Open Orthop J. 2017 Apr 20; 11:316-320. doi:
10.2174/1874325001711010316. PMID: 28567161; PMCID:
PMC5420170.

5. Perumal R, Gaddam SR, Vasudeva J, Dheenadhayalan J,

e


https://doi.org/10.1111/j.1464-5491.2011.03279.x
https://doi.org/10.1155/2019/8691398
https://doi.org/10.13107/jocr.2020.v10.i07.1926
https://doi.org/10.2174/1874325001711010316

Iranian Journal of Orthopaedic Surgery
Vol. 24, No. 1 (Serial No. 92) Winter 2025, p. 40-43

We also present two cases of concurrent midshaft
femoral fractures with amputations around the knee—
one treated with delayed intramedullary nailing after
above-knee amputation and the other with plating
following through-knee amputation—illustrating
practical application of staged management in high-
energy trauma scenarios leading to amputation.
Above-Knee (Transfemoral) Amputation with
Femoral Fracture:

Transfemoral amputation (TFA) result into short
stump, complicating fracture table positioning.
Nannaparaju et al.*Y reported serial femoral fractures
in TFA stumps, treated with dynamic hip screw (DHS)
for a proximal fracture and open reduction with a
combined dynamic compression plate for a distal
fracture, using locking screws and bone grafting to
address poor bone quality. Takeba et al.®) managed a
trochanteric fracture post-TFA using a Kirschner wire
at the distal stump, connected to the traction table,
with manual rotation control for intramedullary
nailing. Perumal et al.®) used bipolar hemiarthroplasty
with Schanz pins just proximal to the TFA stump for
a femoral neck fracture, ensuring version control.
Patnaik et al.®® performed minimally invasive total hip
replacement (THR) for post-traumatic arthritis in a
TFA patient, achieving early rehabilitation. Freitas et
al.?) treated a femoral neck fracture with percutaneous
screw fixation, using a Schanz pin as a joystick for
reduction under fluoroscopy. Davarinos et al.®
applied skin traction for a non-displaced
intertrochanteric fracture, and Aqil et al.®) used
radiolucent thigh support for DHS fixation in bilateral
TFAs.

Through-Knee Amputation with Femoral
Fracture:

Through-knee  amputations  preserve  femoral
condyles, complicating proximal fixation. Wolinsky
et al. recommend skeletal pin traction for reduction.!?
Amanatullah et al noted faster progression to total hip
arthroplasty (THA) in through-knee amputees (mean
6.4 years) versus above-knee amputees (15.6 years)
due to increased hip stress.!" Arango et al. used
bipolar hemiarthroplasty for a femoral neck fracture,
achieving stability in short bone stock.!?

Below-Knee (Transtibial) Amputation with
Femoral Fracture:

Transtibial amputations (TTAs) lack foot anchors,
complicating traction application. Lee et al.!¥ used
modified fracture tables with inverted boots and skin
traction for intertrochanteric fractures, achieving
union with nailing in six months. Ochi et al.!!¥

(
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managed a TTA with an intertrochanteric fracture
using an inverted traction boot for short femoral nail
fixation, enabling full weight-bearing. Mitrasinovic et
al. treated bilateral diaphyseal femoral fractures in a
TTA patient with Steinmann pins and Bohler stirrup
for external fixation, followed by nailing.®

Two case reports on delayed fixation of
femoral shaft fractures with amputations
around the knee:

This study was approved by the ethics committee, and
informed consent was obtained from the patients.

Case 1: A 29-year-old man sustained a crush injury to
the left lower limb and a concurrent femoral shaft
fracture due to trauma from agricultural equipment,
ultimately requiring an above-knee amputation.
Initially, amputation was performed, and an external
fixator was applied for the femoral fracture due to the
patient’s clinical condition. After hemodynamic
stabilization and treatment, the patient was
discharged. Two months later, once the amputation
stump had healed, the external fixator was removed,
and the fracture was fixed with an intramedullary nail

(Fig. 1).

Figure 1: Radiograph of midshaft femoral fracture post-

nailing

Case 2: A 40-year-old man suffered a crush injury to
the lower limb and an open midshaft femoral fracture
from a car-pedestrian accident, leading to a through-
knee amputation. Due to the severe crush injury and
significant soft tissue defect, there was a risk of
requiring an above-knee amputation. However, an
external fixator was initially applied to stabilize the
fracture, given the open nature and the patient’s
clinical condition. After soft tissue preparation for
grafting, a skin graft was performed, preserving part
of the patient’s limb. Following partial recovery and
graft healing at two months, the external fixator was

]
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Management of Concurrent Femoral Shaft Fractures and Amputations Around
the Knee

(Report of 2 Cases)

(Abstract \

Concurrent femoral shaft fractures and lower limb amputations around the knee are rare but complex injuries, often
resulting from high-energy trauma. This report reviews the challenges and treatment strategies for such cases,
focusing on innovative fracture table positioning and fixation methods in transfemoral, through-knee, and transtibial
amputations. We present two novel cases: a 29-year-old man with an above-knee amputation and midshaft femoral
fracture treated with delayed intramedullary nailing after external fixation, and a 40-year-old man with a through-
knee amputation and open midshaft femoral fracture managed with external fixation, skin grafting, and subsequent
plate fixation. Key challenges include patient instability, soft tissue defects, osteoporotic bone, and positioning
without distal anchors. Techniques such as Schanz pins, Kirschner wires, inverted boots, and skin traction facilitate
the reduction. The review underscores the need for staged approaches and standardized protocols to optimize
outcome in such rare scenarios.

Keywords: Femoral shaft fractures, amputations around the knee, case report
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Introduction

Lower extremity amputations are significant global health concerns, often
stemming from vascular disease, diabetes, or high-energy trauma, and pose
unique challenges when complicated by concurrent or subsequent femoral
fractures. A systematic review by Moxey et al. estimated the global incidence
of lower extremity amputations to range from 46.1 to 9600 per 10° in diabetic
populations and 5.8 to 31 per 10° in the general population, highlighting
substantial variability influenced by socioeconomic factors, ethnicity, and
access to preventive care.)

In amputated limbs, femoral fractures are relatively rare, occurring in less than
3% of cases, but they are particularly underreported for shaft fractures, which
can arise from altered biomechanics, osteoporosis due to disuse, or traumatic
events.?) High-energy mechanisms, such as road traffic collisions or crush
injuries, frequently lead to concurrent femoral fractures and amputations around
the knee, complicating management due to multisystem trauma, soft tissue
compromise, and the need for staged interventions.®) These cases require
innovative approaches to fracture table positioning, stable fixation in often
osteoporotic bone, and prosthetic-compatible rehabilitation to restore mobility.
While the literature predominantly focuses on proximal femoral fractures in
amputees, with techniques like dynamic hip screws (DHS), proximal femoral
nail anti-rotation (PFNA), or arthroplasty described for intertrochanteric or neck
fractures, femoral shaft fractures have received less attention. This review
synthesizes case reports and studies on fixation strategies across transfemoral,
through-knee, and transtibial amputation levels, emphasizing challenges in
reduction and fixation.
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Addressing these limitations will lay the foundation
for further personalized and effective management
strategies for knee osteoarthritis.
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may also be applied in OA to mitigate catabolic
activity following cell reinsertion. (% ¢

Total Knee Arthroplasty (TKA)

TKA is the standard surgical therapeutic intervention
for patients with advanced-stage knee osteoarthritis
and is considered the ultimate therapeutic option for
severe joint degeneration.”” While clinically effective
in alleviating symptoms and improving joint function,
TKA is associated with certain adverse events,
including periprosthetic joint infection, implant
loosening, and periprosthetic fractures.’'"”> Revision
surgeries, often required in such cases, tend to have
higher costs and suboptimal outcomes in comparison
to primary procedures. Despite advancements in
surgical  techniques and  prosthetic  design,
approximately 20% of patients report dissatisfaction
after TKA, from residual pain, limited function,
malalignment, or complications. Since predicting
dissatisfaction remains challenging, combining
various risk factors, may support more individualized
care to improve satisfaction.™

Nevertheless, TKA generally yields high satisfaction
rates; one study reported that 96% of patients were
satisfied, and 86% would choose to undergo the
procedure again, emphasizing its positive impact on
quality of life.”> Technological advancements have
contributed to better outcomes. Smart knee implants
equipped with sensor technologies that enable real-
time monitoring of recovery and function, robot-
assisted TKA and superior surgical precision and
prosthetic alignment, potentially leading to better
long-term results."® 7" TKA is also increasingly used
in very elderly populations, including those aged 90
and above, such as nonagenarians and centenarians
with comparable outcomes are to younger patients.”®
However, individuals with prior septic arthritis are at
greater risk of complications following TKA
compared to those with osteoarthritis.””” Furthermore,
the growing adoption of minimally invasive surgical
techniques in TKA has been linked to reduced soft
tissue trauma and faster recovery, further enhancing
the appeal of this procedure.®”

Comparative Evaluation of Non-Surgical and
Surgical Treatments for Knee Osteoarthritis

A comparative assessment of various interventions for
KOA, including PRP, MSCs, hyaluronic acid HA,
ACI, and TKA, was performed using data extracted
from ClinicalTrials.gov. The efficacy, safety, and
follow-up outcomes for each treatment are
summarized in Table 1, with corresponding NCT IDs
provided for reference.

This comprehensive evaluation highlights the
differential benefits and limitations of non-surgical
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versus surgical approaches, offering clinicians
evidence-based insights for personalized treatment
selection.

Future Directions

Innovations have the potential to improve the
treatment landscape for knee osteoarthritis
significantly. By standardizing PRP formulations
through enhanced centrifugation protocols and the use
of biomaterials, therapeutic efficacy can be increased
by an impressive 15 to 20%.®Y Evidence further
suggests that MSC optimization helps chondrogenic
differentiation through strategies such as gene
editing.#83)

The combination of PRP and HA delivers impressive
clinical benefits.® Advancements in ACI, including
the development of scaffold-free platforms and three-
dimensional bioprinting technologies, aim to reduce
procedural costs  while maintaining treatment
efficacy. In the context of TKA, the implementation
of sensor-equipped smart implants holds the potential
to decrease the necessity for reoperation by 10 to 15
percent. This is achieved through enhanced load
monitoring and the early detection of implant
failure.®® The utilization of biomarker-based
precision medicine, specifically the assessment of
synovial fluid indicators such as COMP and CTX-II,
has the potential to enhance patient selection and
optimize treatment outcomes by 20-25%.%9
Nonetheless, it is essential to conduct well-powered
randomized trials to validate the sustained clinical
benefits and cost-effectiveness of these emerging
strategies.®” ¥ Innovative methodologies, including
microRNA-based therapies and the development of
engineered cartilage constructs, are currently being
investigated for early intervention in disease
management.® °* °V In addition, machine learning
algorithms are being explored to predict individual
treatment responses, offering new avenues for
personalized management of knee osteoarthritis.®?

Conclusion

While this review consolidates current knowledge and
highlights the promise of emerging regenerative
therapies and surgical innovations, it underscores the
importance of establishing standardized protocols,
extended follow-up periods, and robust clinical trials
to validate the long-term clinical safety and
effectiveness of these treatments. The integration of
patient-centered outcomes and economic evaluations
will be equally important to ensure that these
advancements translate into meaningful
improvements in patient care and accessibility.
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which introduced standardized protocols for
chondrocyte  expansion  and  processing.®®
Furthermore, the  establishment of  Good

Manufacturing Practice (GMP)-compliant facilities
facilitated longitudinal evaluation of repair tissue,
where imaging (MRI) and histological biomarkers

Innovative Treatment Approaches for...

emerged as predictors of long-term clinical
outcomes.®® ¥ Additional investigations of
constituents of the extracellular matrix (ECM),
including glycosaminoglycans (GAGs) and collagen,
provided deeper insights into the biological processes
of tissue regeneration.®% 60

Table 1. Summary of Key Randomized Controlled Trials on Non-Surgical and Surgical Treatments for Knee Osteoarthritis

Number of Main Efficacy
Treatment . Condition/KL Intervention Safety Follow-up ClinicalTrials.gov ID
Participants Outcomes
3 weekly 1A VAS |44;
PRP 52 KL 1-3 injections (4 WOMAC 3.0; | No AEs 1 year NCT02588872
mL, LP-PRP) IKDC 65.5
3 weekly 1A VAS 57;
HA 59 KL 1-3 injections 2 mL | WOMAC 4.0; | No AEs 1 year NCT02588872
HA) IKDC 55.8
Better HSS
Quadriceps-
QS-TKA 45 Not specified . recovery vs No AEs 6 months NCT02160977
sparing TKA
MIS-TKA
WOMAC
No
Allogenic IA 40M donor —13; VAS
15 KOA serious 1 year NCTO01586312
MSCs MSCs —21; SF-12
AEs
121
KOOS +10; No
Collagen-based
ACI-C 21 Not specified ACI Lysholm +17; serious 2 years NCTO01458782
VAS -19 AEs
No
TKA Traditional Similar to
22 Not Specified serious 12 weeks NCT00710840
Traditional TKA Min-TKA AE
s

Second-generation ACI: To overcome limitations
associated with the periosteal flap, a porcine-derived
type U/II collagen membrane (Chondro-Gide™,
Geistlich) was introduced. This improvement
enhanced surgical handling and reduced donor-site
complications. Despite superior clinical outcomes, a
proportion of patients continued to require secondary
surgical interventions.(©! 62

Third-generation ACI (MACI™): Matrix-assisted
ACI involves embedding autologous chondrocytes
within a biodegradable scaffold. This approach offers
greater control over cell distribution, facilitating the
repair of larger defects. It has been associated with
lower graft failure rates compared with earlier
generations. (6% 64

Despite significant advancements, several challenges
persist. One of the primary limitations is the
propensity  of  chondrocytes to  undergo
dedifferentiation during in vitro expansion, which
diminishes their ability to regenerate hyaline-like
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cartilage effectively.®® Recent evidence suggests that
chondrons—defined as chondrocytes together with
their ~ pericellular ~ matrix—exhibit superior
regenerative potential; however, their low yield limits
widespread clinical use.®

Ongoing clinical research is exploring novel strategies
such as spheroidal aggregates of expanded
chondrocytes with their native ECM (Spherox),
currently under investigation for lesions measuring 4—
10 cm?. Although promising, definitive data from this
trial remain unavailable.®® Although autologous
chondrocyte implantation (ACI) has not yet been
approved for the treatment of osteoarthritis, ongoing
advancements in tissue engineering and regenerative
medicine indicate its potential as an alternative to
arthroplasty for managing degenerative joint
diseases.®® The gene-editing technologies such as
CRISPR-Cas9 have emerged as potential adjuncts to
enhance the regenerative function of chondrocytes.”
Beyond cartilage repair, CRISPR-based approaches
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improves procedural accuracy and enhances overall
efficiency.“¥

A systematic review and meta-analysis comprising 15
randomized controlled trials and four observational
studies, involving a total of 584 individuals with knee
osteoarthritis, demonstrated significant reductions in
pain (VAS) and improvements in functional outcomes
(WOMAC) within 6 to 12 months post-treatment (p <
0.001). Importantly, the incidence of adverse events
did not differ significantly between participants
receiving MSC therapy and control groups (p > 0.05),
supporting a favorable safety profile.4> 46
Intra-articular administration of bone marrow-derived
mesenchymal stem cells (BM-MSCs) has been
associated with substantial improvements in pain
relief, enhanced joint function, and overall quality of
life in patients with knee osteoarthritis, particularly
those with Kellgren-Lawrence grade II-III disease.
Optimal clinical outcomes are generally observed with
a median dose of approximately 40 % 10¢ cells. In
contrast, individuals with advanced osteoarthritis
(grade 1V) exhibit only limited therapeutic benefits,
highlighting the influence of disease severity on
treatment efficacy.- 4

The findings suggest PRP may provide slightly
superior short-term benefits over MSC therapy.
Nevertheless, the scarcity of studies and the presence
of potential biases underscore the necessity for larger,
high-quality clinical trials.*” Despite promising
clinical outcomes, MSC therapy still faces challenges,
including inconsistent results, variable dosing and
administration methods, limited cell survival at
injection sites, and the risk of heterotopic ossification.
More large-scale randomized controlled trials are
warranted to refine protocols and confirm long-term
efficacy.“”-*®

Hyaluronic Acid (HA) Injections

Hyaluronic acid (HA) is a naturally occurring
glycosaminoglycan found in the synovial fluid of the
knee, playing a crucial role in joint lubrication and the
protection of cartilage against mechanical stress. In

osteoarthritic  knees, HA  concentrations are
diminished, resulting in compromised lubrication,
reduced shock absorption, and consequently,

increased pain and restricted joint mobility.®* " Intra-
articular HA injections can restore these functions and
provide symptom relief for several months; however,
their effectiveness is limited due to rapid degradation.
Novel HA-based hydrogels with enhanced stability
have been developed to improve therapeutic outcomes
in slowing the progression of Osteoarthritis. Although
HA is generally safe, clinical results vary, and
combining HA with PRP has shown superior
effects.®” HA is produced with a high molecular
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weight but progressively undergoes enzymatic
degradation within the joint environment, leading to a
decrease in its molecular size.*? In arthritic knees,
altered regulation of hyaluronic acid (HA) synthesis,
degradation, and clearance results in a concurrent
reduction in both the concentration and molecular
weight of HA within the synovial fluid.®® These
changes detrimentally affect the viscoelastic
properties of synovial fluid, thereby increasing
mechanical load on the articular cartilage and
accelerating joint degeneration.®¥ A  systematic
review on randomized controlled trials with a total of
3,851 participants relative to the therapeutic efficacy
of intra-articular HA injections with placebo in
patients with knee osteoarthritis concluded that in 2 to
4 weeks a more significant improvements in pain and
stiffness subscales of the WOMAC was evident
among HA recipients.*¥ Follow-up evaluations
conducted 5 to 8 weeks after the initial intervention
demonstrated a significant reduction in resting pain,
favoring treatment with hyaluronic acid (HA). These
results indicate that intra-articular HA injections can
provide effective short-term pain relief in patients
with knee osteoarthritis.%

Surgical Treatment Approaches:
Autologous Chondrocyte Implantation (ACI)

The principle of autologous chondrocyte implantation
(ACI) involves harvesting a small biopsy of healthy
cartilage from the knee, expanding the isolated
chondrocytes ex vivo, and subsequently re-implanting
millions of cultured cells into the damaged joint
surface as a graft. In 2000, ACI was not recommended
for routine management of localized knee cartilage
defects within the NHS due to the absence of
randomized controlled trial (RCT) evidence at that
time.®¥ The functional wunits of cartilage,
chondrocytes, serve a pivotal role in cartilage
preservation and regeneration, and the formation of a
new layer of hyaline-like cartilage to restore the joint
surface is the idea behind ACL®® Articular cartilage
is avascular and possesses a limited capacity for self-
repair. While isolated cartilage loss is defined as a
cartilage defect, combined cartilage and bone loss is
referred to as an osteochondral defect. Over time,
three major generations of ACI have been developed:
The first-generation  autologous  chondrocyte
implantation (ACI) technique involves the placement
of cultured and expanded chondrocytes beneath a
periosteal flap. This approach has been associated
with complications such as periosteal contracture,
donor site morbidity, and graft failure resulting from
hypertrophy or delamination.®®3” A major milestone
was the commercialization of Carticel® (Genzyme),
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Mechanism of function of knee osteoarthritis innovative treatments
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Figure 1: Mechanism of function of knee osteoarthritis

innovative treatments, illustrating the roles of PRP (growth factor
release), MSC (chondrocyte differentiation), ACI (hyaline

cartilage formation), HA (lubrication), and TKA (joint
replacement) in addressing cartilage thinning, synovial
inflammation, and subchondral bone changes.

Although PRP injections are generally regarded as
safe, the risks of temporary mild, pain, swelling,
bruising, redness, and skin irritation at the injection
site are present. Joint infections, being a dreadful side-
effect may occur if sterile procedures are not followed
meticulously. Rarely, allergic reactions may happen,
particularly in individuals with a history of allergies to
blood-derived products. Some more serious
complications, such as nerve or tissue damage, may
rarely happen from improper needle placement or
poor injection techniques, producing  numbness,
weakness, or tissue damage. To minimize these
potential risks, injections can be performed using
image-guided techniques, with strict adherence to
established protocols to ensure precise and safe
administration.®” A systematic review and meta-
analysis of 26 randomized controlled trials, including
a total of 1,650 knees, demonstrated that platelet-rich
plasma (PRP) provides superior clinical outcomes
compared to hyaluronic acid (HA) at 6- and 12-month
follow-ups, as assessed by WOMAC and VAS scores.
The therapeutic effect of PRP was most pronounced
when platelet concentrations ranged between 750,000
and 1,250,000 platelets/ulL. These findings,
representing level 1 evidence, support the potential of
PRP as a more effective medium-term intervention for
knee osteoarthritis than HA. However, caution is
warranted due to variability in PRP preparation
methods, which may influence treatment efficacy.®!
Raeissadat et al. have recommended PRP as the
preferred option in moderate KOA, considering its
cost-effectiveness and utility.®? A systematic review
by Chahla et al.®® examining PRP preparation
protocols and composition found that only 10% of the
included studies provided a comprehensive

(
\

31

Innovative Treatment Approaches for...

description of the preparation process, while merely
16% reported detailed information regarding the
composition of the PRP. These authors concluded that
lack of standardization hampers the ability to make
effective comparisons between PRP products and
strongly advocated the inclusion of comprehensive,
step-by-step protocols in future studies. Dhurat and
Sukesh, have offered valuable recommendations
specifying the essential components that should be
incorporated into a standardized PRP protocol.*Y A
significant limitation of injection-based techniques
remains the "limited duration of sufficient drug dosage
within the joint" required to achieve sustained
therapeutic effects. To overcome this challenge,
several novel nanotechnological approaches and
nanocarriers have been developed and are currently
under investigation.®>

While PRP injections can provide symptomatic relief
in certain regions of the knee, their effectiveness
appears reduced in areas severely impacted by medial
osteoarthritis. This highlights the necessity for
additional studies to better understand PRP’s role in
cartilage repair and to refine treatment strategies for
optimal clinical outcomes in knee osteoarthritis.®®

Mesenchymal Stem Cell (MSC) Therapy

Mesenchymal stem cells (MSCs), sourced from bone
marrow, adipose tissue, and umbilical cord, exhibit
potent immunomodulatory effects and possess
significant anti-inflammatory and tissue-repairing
capabilities.®” *® These cells contribute to cartilage
repair by differentiating into chondrocytes, secreting
trophic factors such as transforming growth factor-
beta (TGF-PB) and insulin-like growth factor-1 (IGF-
1), and modulating the inflammatory environment
through mediators like interleukin-10 (IL-10) and
prostaglandin E2 (PGE2).¢7-3%40)

Bone marrow-derived mesenchymal stem cells (BM-
MSCs) have been extensively investigated due to their
high proliferative capacity and their potential to
differentiate into chondrogenic lineages.“” The
relative simplicity of obtaining these cells from a
patient’s own bone marrow renders them a more
economical source compared with other MSC types.
Clinical studies demonstrate that both intra-articular
administration and surgical delivery of BM-MSCs
result in beneficial therapeutic outcomes in
individuals with KOA.“!%» Nonetheless, limitations
include donor site discomfort, the low proportion of
retrievable cells (=0.001% of nucleated bone marrow
cells), and a decline in differentiation potential with
advancing donor age.*? Performing bone marrow
aspiration from the anterior or posterior iliac crest
under local anesthesia, with the assistance of
ultrasound or fluoroscopic guidance, significantly
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Chronic  administration of nonsteroidal anti-
inflammatory drugs (NSAIDs) has been consistently
linked to an elevated risk of gastrointestinal
hemorrhage as well as a range of cardiovascular
adverse events.® 7 Recently, advancements in
regenerative medicine and surgical techniques have
enabled the development of innovative therapies to
alleviate symptoms and promote structural joint
repair. PRP, also known as platelet-rich plasma, is a
therapy that has been shown to be effective in
managing pain and inflammation. However, its
effectiveness can vary depending on the methods used
in its preparation.®?

The exploration of mesenchymal stem cell (MSC)
therapy is on the rise due to its ability to stimulate
cartilage repair and enhance joint function, especially
in individuals who are in moderate stages of knee
osteoarthritis.!'® 'Y Hyaluronic acid (HA) injections
are utilized to transiently mitigate joint pain and
improve functional performance; however, the clinical
efficacy of these interventions is constrained by their
inherently limited duration of action and rapid
biodegradation within the synovial environment.(* '3
Autologous chondrocyte implantation (ACI) is
primarily employed to treating specific cartilage
defects, rather than widespread Osteoarthritis, and has
shown limited improvement in symptoms.!'¥ Total
knee arthroplasty (TKA) is a viable option for severe
knee osteoarthritis, offering substantial pain relief and
improved function, though it carries risks of
complications.!> ' The non-surgical innovative
therapies are being assessed for their clinical
outcomes and safety profiles in this review. Further
research is, of course, crucial to improve these
treatments and  determine  their  long-term
Effectiveness.!”

Materials & Method

To identify recent reviews, a comprehensive literature
search was conducted in PubMed and Google Scholar
and research articles on the management of KOA.
Additionally, clinical trial data were extracted from

ClinicalTrials.gov to support the comparative
analysis. The search focused on non-surgical
interventions, including PRP, MSCs, and HA, as well
as surgical procedures such as ACI, and TKA.

Keywords wused included: knee osteoarthritis;
regenerative  medicine;  platelet-rich  plasma;
mesenchymal stem cells; hyaluronic acid; total knee
arthroplasty. All duplicate records were eliminated,
and predefined inclusion and exclusion criteria were
applied to ensure the selection of unique, high-quality
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studies. Only full-text publications written in English
were considered eligible for inclusion in the analysis.

Pathophysiology of Knee Osteoarthritis

KOA is driven by the combined effects of mechanical
stress, inflammation, and metabolic dysregulation.!®
19 Progressive cartilage degradation is predominantly
driven by a dysregulation between anabolic and
catabolic processes within the joint
microenvironment. Proinflammatory cytokines such
as IL-1<unk> and TNF-<unk> are responsible for this
imbalance and matrix-degrading enzymes like MMP-
13 and ADAMTS-5 are also elevated.'® 2D Synovial
inflammation and subchondral bone sclerosis play a
critical role in joint degeneration, establishing a self-
perpetuating and destructive cycle that exacerbates
osteoarthritic progression.?! 22

Several risk factors exacerbate disease progression:
Aging, which impairs chondrocyte function; obesity,
which leads to excessive mechanical loading and
increases inflammation from adipokines; and previous
joint injuries that disrupt normal biomechanics.?* 2%
Genetic factors, such as polymorphisms in the
COL2A1 gene, increase the susceptibility to cartilage
damage.® A thorough insight into these underlying
mechanisms plays a critical role in developing
targeted interventions to repair structural joint damage
rather than solely providing symptomatic relief.?®
Figure 1 illustrates highlights the role of some
innovative treatments in cartilage repair and joint
restoration.

Nonsurgical Treatment Approaches
Platelet-Rich Plasma (PRP)

PRP is an autologous blood-derived concentrate
enriched with platelets. These platelets produce
multiple bioactive mediators such as TGF-<unk>,
VEGF, and platelet-derived growth factor (PDGF).
These platelets secrete multiple bioactive mediators,
such as transforming growth factor-beta (TGF-),
vascular endothelial growth factor (VEGF), and
platelet-derived growth factor (PDGF).*"These
growth factors help to promote cartilage repair and
maintain joint homeostasis by enhancing chondrocyte
proliferation, enhancing extracellular matrix (ECM)
synthesis, and providing anti-inflammatory effects.?®
A meta-analysis indicated that PRP significantly
improved clinical outcomes in patients with Kallgren-
Lawrence grades II to III, compared to HA injections
administered over several months. PRP is most
effective in the early to moderate stages of knee
osteoarthritis, where cartilage damage may still be
reversible.*”
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Innovative Treatment Approaches for Knee Osteoarthritis: From Injections to
Regenerative Surgery

(Review Article)

(Abstract \

Knee osteoarthritis (KOA) is a common degenerative joint disease that mostly impacts adults over 5 years of age.
Its prevalence is considerably higher in women, individuals with excess body weight and people with prior joint
trauma. Current treatment strategies primarily focus on symptom control, which underscores the urgent need for
more effective and disease-modifying therapies. Recent advances in both nonsurgical and surgical modalities have
introduced promising regenerative options. Therapeutic modalities notably mesenchymal stem cells (MSCs) and
platelet-rich plasma (PRP) have demonstrated substantial potential in attenuating inflammatory responses and
facilitating cartilage regeneration, particularly during the early pathological phases of knee osteoarthritis. Intra-
articular hyaluronic acid (HA) injections provide only temporary symptomatic relief and show limited long-term
efficacy. For advanced cases, surgical interventions including autologous chondrocyte implantation (ACI) and knee
arthroplasty (TKA) remain viable options, with their associated risks and complications. Personalized treatment
approaches based on disease severity, progression, and patient-specific factors are likely to yield optimal outcomes.
Future directions in KOA management may include gene-edited MSCs, smart implants, and the integration of
machine learning to enhance therapeutic precision and long-term success.

Keywords: Osteoarthritis of knee, regenerative medicine, mesenchymal stem cells, platelet-rich plasma,
hyaluronic acid
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Diagnostic Value of Magnetic...

The value of SIR, defined as the standardized ratio of
nerve signal to a muscular reference, is also confirmed
in the literature. Allam et al.,*® using a 1.5 T field and
water-sensitive sequences such as T2-SPAIR, showed
that nerve/hypothenar SIR and diffusion parameters
(ADC) significantly differ between patients and
controls across multiple tunnel levels. A critical
methodological point is the dependency of results on
the measurement level (pisiform at the inlet versus
hook of hamate at the outlet), which must be explicitly
reported. This sensitivity to measurement location
partly explains heterogeneity in thresholds across
studies.®¥

For other structural markers, flexor retinaculum
bowing is notable, as it has been reported to correlate
with symptom severity and may inform preoperative
decision-making. One study demonstrated the
association of retinaculum bowing with clinical signs
and suggested it should be assessed alongside
volumetric and signal indices.?? Our observation of
parallel increases in volumetric and signal indices in
the CTS group reinforces this combined approach.

Regarding the optimal CSA measurement site, MRI
data suggest that CSA at the tunnel inlet (pisiform
level) often provides higher discriminatory value than
at the outlet, although localized swelling at the outlet
(hook of hamate) may predominate in some patients.
One study explicitly reported differences between the
pisiform and hook of hamate, emphasizing the
diagnostic value of inlet CSA.®» Nonetheless,
population and protocol differences may shift this
pattern, so measurement site should be clearly
reported, and both levels assessed when feasible.

The role of MRI relative to other modalities must be
considered in the clinical context. Although
electrodiagnostic studies remain the first-line method
for quantifying conduction deficits, MRI has specific
utility for atypical cases, secondary causes (masses,
variants), and evaluation of patients resistant after
decompression. Recent studies have introduced MR
neurography and even DTI as advanced tissue-
mapping tools providing additional information in
selected cases; however, protocol standardization and
threshold determination in this domain remain under
development.©337

In comparative summary, our results regarding
increased CSA and SIR align with the majority of
existing literature. Yet, as others have emphasized,
heterogeneity in protocols, ROI definitions,
measurement site, and population characteristics (age,
sex, BMI) complicates meta-analysis and
establishment of unified thresholds. Therefore, the
clinical utility of MRI indices is maximized when used

(
{

26

Iranian Journal of Orthopaedic Surgery
Vol. 24, No. 1 (Serial No. 92), Winter 2025, p. 22-28

within a decision-making algorithm alongside
EDX/US!, and each center should establish internal
cut-offs based on ROC/AUC? analysis relative to its
referral population.

Limitations

This study has several limitations. First, the small
sample size (n = 30) reduces the precision of estimates
and affects generalizability. Second, the cross-
sectional design does not allow evaluation of
longitudinal changes in MRI indices with treatment
(e.g., post-decompression). Third, it is single-center,
introducing potential selection bias. Fourth, inter-rater
reliability of MRI measurements was not reported.
Fifth, ROC/AUC, effect sizes, and 95% confidence
intervals for practical thresholds were not provided.
Sixth, no stratified analysis was conducted for
potential confounders (age, sex, BMI), nor was a
systematic comparison of tunnel inlet versus outlet
performed in all participants. These issues could be
addressed in future multicenter prospective studies
with standardized measurement protocols.

Conclusion

This study demonstrated that three MRI-based
quantitative indices, including median nerve signal
intensity, median nerve-to-hypothenar muscle signal
intensity ratio (SIR), and median nerve cross-sectional
area (CSA), are significantly higher in patients with
carpal tunnel syndrome compared to healthy
individuals. This pattern is consistent with the
pathophysiology of nerve compression and its effects
on nerve structure and signal, supporting the use of
quantitative MRI as a complement to clinical
examination and electrodiagnostic testing.
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* One-way analysis of variance, or the Kruskal-Wallis
test, was used to compare the three electrodiagnostic
severity groups, and appropriate post hoc tests were
applied when significant differences were observed.

» Associations between MRI indices and Boston
questionnaire scores as well as electrodiagnostic
severity were assessed using correlation coefficients,
Pearson or Spearman as appropriate.

» A statistical significance level of p<0.05 was
considered.

A total of 30 participants were evaluated. The sex
distribution showed that 23 individuals (76.6%) were
women and 7 individuals (23.3%) were men. The
affected hand was reported to be the right hand in 22
cases (73.3%) and the left hand in 7 cases (23.3%).
The mean age of patients was 44.25+9.22 years, and
the mean body mass index was 28.68+3.71 kg/m>.
These baseline characteristics were used to describe
the study population and to contextualize subsequent
imaging comparisons. Full details are presented in
Table 1.

Summary

Overall, the three predefined quantitative MRI
indices, including median nerve signal intensity,
signal intensity ratio (SIR), and cross-sectional area
(CSA), were significantly higher in patients with CTS
compared to healthy individuals. This pattern aligns
with the pathophysiological hypothesis of increased
intracanal pressure in the carpal tunnel, leading to
nerve edema/swelling and subsequent signal and
volumetric changes, thereby reinforcing the role of
quantitative MRI as a complementary tool to clinical
and electrodiagnostic assessment.

The findings of this study demonstrated that in
patients with CTS, all three quantitative MRI indices,
median nerve signal intensity, median nerve-to-
hypothenar muscle signal intensity ratio (SIR), and
median nerve cross-sectional area (CSA), were
significantly higher than those of normal individuals.
This concordant pattern is expected from the
pathophysiology of nerve compression, namely
increased tunnel pressure, nerve edema/swelling, and
tissue changes, and supports the utility of quantitative
MRI indices as a complement to clinical examination
and electrodiagnostic evaluation in ambiguous
scenarios.
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The alignment of these results with existing literature,
which reports correlations between MRI indices and
both presence and severity of CTS, is notable. As
demonstrated in the classic study by Ochiai et al.,*®
CSA, SIR, and flattening ratio of the median nerve,
along with palmar bowing of the flexor retinaculum,
correlate with electrodiagnostic severity and provide a
relatively comprehensive picture of the mechanical
load on the nerve. In that study of 105 affected wrists,
precise MRI quantification and correlation with
EMG/NCV clearly paved the way for leveraging
quantitative markers. Our findings regarding the
significant differences in CSA and SIR between CTS
patients and healthy individuals parallel these
observations.

Table 2. Comparison of Patients with Carpal Tunnel

Syndrome and Normal Individuals According to MRI

Indices
. P-
MRI Indices Group Mean SD
value
Signal intensity ofthe oo | so167 | 4050 | <0.05
median nerve
CTS 597.13 52.95
Signal intensity ratio of
the median nerve to the Normal 0.80 0.13 <0.01
hypothenar muscle (SIR)
CTS 1.31 0.26
Cross-sectional area of
the median nerve (CSA; Normal 9.70 1.63 <0.05
mm?)
CTS 11.36 1.89

Another study that evaluated CSA, SIR, flattening
ratio, and retinaculum bowing in parallel
demonstrated that the combination of these indices not
only aids diagnosis but also predicts disease severity
via ROC analysis. This is consistent with our findings
of systematic increases in all three indices in CTS
patients, supporting a multi-parameter approach to
MRI interpretation. Furthermore, these studies
highlight the impact of measurement location (tunnel
inlet versus outlet), which contributes to heterogeneity
in threshold values, sensitivity, and specificity across
the literature.”

A prospective study comparing MRI and
ultrasonography in 26 CTS patients and 19 healthy
controls emphasized the role of CSA in both
modalities. The practical implication is that MRI,
beyond its discriminative capacity, provides
complementary  structural  information (e.g.,
crowding, tendons, and retinaculum) relevant for pre-
and post-surgical decision-making.®? Comparison of
MRI indices in our study with these findings
demonstrates significant convergence.
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Exclusion criteria included diabetes mellitus,
acromegaly, previous wrist fracture, prior wrist
surgery, pregnancy, and any other condition that could
affect nerve diameter or signal characteristics or the
tunnel space, based on the judgment of the orthopedic
surgeon or radiologist.

Table 1: Characteristics of the Study Sample

Indicator Value
Age (years), mean + SD 44.25+9.22
Body mass index (BMI; kg/m?), mean + SD 28.68 £3.71
Sex: female, n (%) 23(76.6%)
Sex: male, n (%) 7(23.3%)
Affected hand: right, n (%) 22(73.3%)
Affected hand: left, n (%) 7(23.3%)

A minimum of 30 patients was considered for
inclusion. Given the exploratory nature of the study
and practical limitations, this sample size was deemed
sufficient for an initial estimation of the diagnostic
performance of imaging indices and for conducting
group comparisons.

Study procedures

Demographic information including age, sex, body
mass index, and dominant hand, as well as relevant
medical history, was recorded. Clinical severity of
CTS was assessed using the validated Persian version
of the Boston Carpal Tunnel Questionnaire
(BCTQ),?” which consists of two subscales,
Symptom Severity with 11 items and Functional
Status with 8 items. The translation, cultural
adaptation, and psychometric properties of this
version have been confirmed in the Iranian
population; for example, Cronbach’s alpha values for
the subscales were approximately 0.85 to 0.90, and
intraclass correlation coefficients for test-retest
reliability ranged from approximately 0.83 to 0.91.4%
In another study, a Cronbach’s alpha of 0.859 and
convergent validity with the QuickDASH were
reported.?” Electrodiagnostic evaluation using EMG
and nerve conduction velocity studies was performed
according to the recommended AANEM protocols©®?
and independently of the imaging team. Eligible
patients were enrolled after clinical screening.
Severity of involvement was classified into mild,
moderate, and severe groups based on AANEM
guidelines. Subsequently, all eligible participants
were referred for MRI. To prevent any form of bias,
the imaging team and MRI evaluators were blinded to
the EMG and nerve conduction results as well as the
Boston questionnaire scores.

Wrist imaging of the involved hand or hands and,
when necessary, the contralateral side was performed
using an MRI system in accordance with the
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institutional protocol and with an appropriate wrist
coil. Routine sequences included T1-weighted, T2-
weighted, and STIR images in axial and coronal
planes. Imaging parameters were set based on
institutional standards to ensure reproducibility and
adequate signal quality. Prior to imaging, the presence
of any metallic objects or MRI contraindications was
assessed, and informed consent was obtained.

Definitions and measurement methods for indices:??

* Median nerve CSA: measured at the carpal tunnel
outlet at the level of the hook of the hamate by precise
tracing of the nerve boundary on axial images. When
necessary, measurements at the tunnel inlet at the level
of the pisiform were also recorded for comparison.

* Signal intensity ratio: defined as the ratio of the
signal intensity of the median nerve to that of the
hypothenar muscle on the same slice and sequence.

* Carpal tunnel cross-sectional area: determined by
delineating the tunnel boundaries based on osseous
landmarks and the flexor retinaculum on a
standardized axial slice.

Each index was measured twice by an experienced
radiology  evaluator and, when  possible,
independently by a second evaluator. In cases of
significant discrepancy, a consensus decision was
reached.

Primary outcomes and ethical considerations

Primary outcomes included median nerve CSA, signal
intensity ratio, and carpal tunnel cross-sectional area.
Patients were categorized into mild, moderate, and
severe groups based on electrodiagnostic severity to
allow comparison of MRI indices across severity
levels. When control subjects were available,
comparisons between patients and healthy controls
were also performed. The study was conducted in
accordance with the principles of the Declaration of
Helsinki.®) Written informed consent was obtained
from all participants. Identifying information was
considered confidential and was analyzed only in
coded form.

Data analysis and description

Data were entered into and analyzed using SPSS
software version 22. Continuous variables were
reported as mean + standard deviation or median with
interquartile range, after assessment of distribution
normality as appropriate, and categorical variables
were described as frequency and percentage.

* Independent t tests, or their nonparametric
equivalents in cases of non-normality, were used to
compare patients and controls.
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Although other hypotheses regarding possible sites of
nerve compression, such as the thoracic outlet region
or between the heads of the pronator teres muscle,
have been proposed, these perspectives have largely
remained at the level of experimental evidence.® If
left untreated, thenar weakness and atrophy may
develop due to inadequate denervation.”” The causes
of CTS are often multifactorial, and in many patients
the exact etiology cannot be clearly identified. In
addition to individual and occupational factors,
trauma may also be considered a predisposing
factor.®- %11 In some cases, increased pressure within
the tunnel may result from an increase in intracanal
contents, for example masses such as lipomas and
ganglion cysts or vascular anomalies, or from a
reduction in the capacity of the tunnel space.'” From
a pathophysiological perspective, the carpal tunnel is
an osteofibrous canal with a floor formed by the carpal
bones and a roof constituted by the flexor retinaculum,
and it contains nine flexor tendons and the median
nerve.!) Any factor that increases intracanal pressure,
such as sustained wrist flexion, may lead to ischemia,
edema, and impaired nerve conduction in the median
nerve.!'®

The diagnosis of CTS relies on a combination of
history  taking, physical examination, and
electrodiagnostic tests; however, there is no clear
consensus on a definitive gold standard.® Provocative
maneuvers such as the Phalen, Tinel, Durkan, and
hand elevation tests are commonly used in clinical
practice, but they demonstrate variable sensitivity and
specificity and are not sufficient for diagnosis when
used alone.® Electromyography and nerve conduction
velocity studies can demonstrate median nerve
conduction abnormalities, but false-negative rates of
approximately 10% and false-positive rates of
approximately 15% have been reported, and these
tests do not fully guarantee differentiation between
primary and secondary CTS.!* ' Therefore, in
borderline or clinically electrodiagnostically
discordant scenarios, the need for complementary
evidence is felt.(® 17

Imaging can serve as a useful diagnostic adjunct. In
recent years, MRI and ultrasonography have been
employed to assess quantitative indices of the median
nerve.' 1 In MRI, parameters such as the cross-
sectional area (CSA) of the median nerve, the signal
intensity ratio of the nerve to the hypothenar muscle
(SIR), the anteroposterior width to flattening ratio of
the nerve, and bowing of the flexor retinaculum have
been proposed.?*?) Some evidence suggests that
increased CSA and SIR correlate with the presence

and even the severity of disease; however,
heterogeneity  of  protocols, differences in
(
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measurement location, inlet versus outlet of the
tunnel, and the lack of agreed-upon thresholds make
clinical application challenging.'¥ A systematic
review reported that a CSA greater than
approximately 9 mm? yields a sensitivity of 87.3% and
a specificity of 83.3% for diagnosis; nevertheless,
methodological variability and  population
heterogeneity limit the generalizability of this
threshold.®? In particular, data related to quantitative
assessment at the distal outlet of the tunnel, where
localized nerve swelling may predominate, have been
less studied and warrant further investigation.®>

Given the considerable socioeconomic burden of
CTS, which accounts for a substantial proportion of
the costs associated ~ with  work-related
musculoskeletal disorders, and the limitations of
conventional diagnostic tools, a systematic evaluation
of the diagnostic value of MRI appears necessary.!”- 2%
The aim of the present study was to determine the
diagnostic  performance of quantitative MRI
parameters, particularly CSA and SIR, in CTS, with a
focus on measurements at the carpal tunnel outlet, and
to compare these parameters with clinical and
electrodiagnostic findings.

Materials & Method

Study design and setting

This research was a cross-sectional diagnostic study
conducted over an 18-month period in the orthopedic
outpatient clinic and the affiliated clinic of Shahid
Sadoughi Hospital, Yazd. The objective was to assess
the diagnostic value of quantitative MRI indices in
carpal tunnel syndrome and to compare them with
clinical and electrodiagnostic evaluations.

Study population and sampling method

The study population consisted of patients presenting
to the orthopedic clinic and hospital clinic with classic
symptoms of CTS. Sampling was performed
consecutively among eligible patients during the study
period. A healthy control group, when available, was
selected from volunteers without CTS symptoms and
with a normal physical examination, and was
considered for approximate age and sex matching.

Inclusion and exclusion criteria and sample
size

Inclusion criteria included all patients with a history
of wrist or hand pain and symptoms consistent with
median nerve involvement within its innervation
territory, such as nocturnal paresthesia, numbness, and
radiating pain to the forearm or arm, along with
supportive clinical findings.
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Diagnostic Value of Magnetic Resonance Imaging in the Diagnosis of Carpal

Tunnel Syndrome
Gbstract \

Introduction: Carpal tunnel syndrome (CTS) is a common compressive neuropathy of the upper limb. Given the
variable performance of conventional diagnostic approaches, quantitative magnetic resonance imaging may assist
clinical decision-making. This study evaluated the diagnostic value of quantitative magnetic resonance imaging
metrics.

Materials & Methods: In a cross-sectional diagnostic study of 30 patients at a university center, clinical severity
of CTS was assessed using the validated Persian Boston Carpal Tunnel Questionnaire, and electrodiagnostic testing
and classified-involvement as mild, moderate, or severe. Wrist magnetic resonance imaging with routine sequences
was performed with observer blinding to clinical and electrodiagnostic data. The median nerve cross-sectional area
at the distal tunnel outlet, intraneural signal intensity, and the signal intensity ratio of nerve to hypothenar muscle
were measured and compared with normal subjects. Analyses used appropriate tests with a significance threshold
of p<0.05.

Results & Discussion: The median nerve cross-sectional area was larger in patients than in normal (11.36£1.89 vs
9.70£1.63 mm?; p<0.05). Intrancural signal intensity was higher in patients (597.13+£52.95 vs 501.67+40.50;
p<0.05). The nerve-to-hypothenar signal intensity ratio was also increased (1.31£0.26 vs 0.80+0.13; p<0.01).
Conclusion: Quantitative magnetic resonance imaging metrics demonstrate significant discriminatory power
between patients and normal and may serve as adjuncts in the diagnostic pathway. This pattern accords with the
pathobiology of compression (edema and structural change) and supports the utility of quantitative magnetic
resonance imaging as a complement to clinical examination and electrodiagnostic testing. Standardization of
measurement sites and thresholds, and multicenter prospective studies, are required to translate these findings

reliably to practice.

Keywords: Carpal Tunnel Syndrome, Magnetic Resonance Imaging, Median Nerve, Electrodiagnosis

Amir Pasha Amel Shahbaz, MD!, Abbas Abdoli Tafti, MD?, Athar Abolfathi, MD?3, Milad Gholizadeh, MD*,
Shahab Sheikhalishahi, MD3, Hesameddin Jafarinasab, MD3

Introduction

Carpal Tunnel Syndrome (CTS) is a common compressive neuropathy of the
upper limb that occurs as a result of entrapment of the median nerve within the
carpal canal and classically presents with nocturnal paresthesia, pain, and
decreased sensation in the median nerve distribution, and in advanced cases with
weakness and atrophy of the thenar muscles. The prevalence of CTS in the
general population is estimated to be approximately 1%, and its incidence has
been reported to be three times higher in women than in men.’ Numerous risk
factors have been proposed for this disorder, including obesity, repetitive
movements and forceful use of the hand and wrist, pregnancy, genetic
predisposition, and rheumatoid arthritis; an association with hypothyroidism has
also been observed in some studies.®> Occupational exposures such as working
with vibrating tools, prolonged computer use, or activities involving sustained
and unfavorable wrist positions may increase the risk of CTS, although the
strength of evidence in this area is heterogeneous.® Clinically, patients typically
report numbness, tingling, and a burning sensation in the thumb, index, middle,
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and radial half of the ring finger; pain may radiate to the forearm and even the
arm. More nonspecific symptoms such as wrist pain and reduced grip strength
are also common.”
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risk  patients

may help reduce long-term

complications.
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Pelvic fractures types and urinary...

analysis of 22,700 pelvic fracture patients estimated
the cumulative prevalence of urinary tract injuries at
approximately 9.6%.%) In this study, the male-to-
female ratio was 66.14% to 33.86%, and the overall
prevalence in men was 34.5% and in women 62.3%.
The study by Rehné Jensen et al. (2023) in Denmark
also reported that 5% of pelvic fracture patients had
lower urinary tract injuries.”)

Table 1: Demographic characteristics of the study population

Sex Number Mean Age (years)
Male 86 (64.2%) 35.6
Female 48 (35.8%) 49
Total 134 40.7

These figures vary in similar domestic studies:
Pourmirzaei et al. found that approximately 4.33% of
patients with pelvic fractures had genitourinary
injuries. In the present study, measured by hematuria,
35.8% of patients had gross hematuria, and 23.9% had
microscopic hematuria, which is higher than
international statistics. The observed differences in
this study are likely due to variations in the definition
of urinary injury, data recording methods, and the
sensitivity of the diagnostic techniques employed. In
this study, the mere presence of hematuria was
considered a warning sign of potential injury, whereas
many other studies only counted injuries confirmed by
imaging or surgery.

Regarding the distribution of fracture types, the lateral
compression (LC) pattern was the most common
fracture type among patients. However, the highest
incidence of gross hematuria was observed in patients
with anteroposterior compression (APC) fractures.
Previous studies have also emphasized the role of
unstable fractures: Zhao et al. demonstrated that
unstable fractures (Tile B and C) were associated with
a higher risk of urinary tract injury, with type C3
fractures (equivalent to severe vertical compression)
being the most common pattern in patients with
urinary injury.® This finding is clinically significant,
as APC fractures typically involve opening of the
pelvic ring and stretching of the pubic symphysis,
bladder, and urethra, which can increase the risk of
bladder rupture or urethral injury. Therefore, although
LC fractures are more prevalent, APC and vertical
shear fractures are more significant regarding
potential injury to urinary structures.

Regarding sex distribution, men constituted the
majority of patients, consistent with the global pattern
of severe trauma cases.® ) Notably, in this study, the
association between fracture type and urinary injury
was significant in women, whereas no such
association was observed in men. This discrepancy
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may be attributable to the small sample size of this
study.

Overall, the results of this study highlight the
importance of attending to urinary symptoms even in
apparently stable pelvic fractures. It is recommended
that in patients with unstable fractures, especially in
the presence of gross hematuria, a dedicated
evaluation of the urinary system via CT cystography
or retrograde urethrography be performed.
Furthermore, early urology consultation can help
prevent long-term complications such as urethral
stricture, fistula, or bladder rupture.

Clinical Implications and Recommendations

Based on the findings and existing evidence, it is
recommended that patients with anterior pelvic ring
fractures (particularly APC or pubic symphysis
diastasis) and any patient with gross hematuria or
warning signs (blood at the urethral meatus, perineal
hematoma, dysuria) undergo dedicated urologic
imaging (CT cystography or cystographic
radiography). Clinical guidelines also recommend
performing CT cystography for high-risk groups.
Moreover, even in cases with an initially negative test,
active clinical follow-up is necessary, as some
ruptures may present late.

Limitations and Research Suggestions:

Limitations of the present study include its
retrospective  design, symptom-based recording
instead of mandatory imaging in all patients, and the
small sample size in the APC/VS groups. The lack of
imaging data related to wurinary tract injuries
complicated data collection for this study. Future
prospective, multicenter studies with standardized
imaging protocols (CT cystography with adequate
bladder filling and urethrography in suspected cases)
and recording of quantitative radiologic criteria (e.g.,
pubic  diastasis, ramus  displacement) are
recommended to develop more accurate predictive
models for urologic injury. Long-term follow-up to
assess outcomes such as urethral stricture,
incontinence, or sexual dysfunction is also essential.

Conclusion

The results of our study demonstrated that LC was the
most common fracture pattern in this series, whereas
APC fractures were most strongly associated with
gross hematuria. Enhancing diagnostic protocols in
pelvic trauma units and systematic follow-up of high-
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Iranian studies have also shown that a proportion of
trauma patients and individuals with pelvic fractures
experience urologic injuries, with some requiring
urologic intervention. These findings underscore the
need for a multidisciplinary approach and a detailed
analysis of the relationship between fracture patterns
and the type and severity of bladder injury. Therefore,
the present study aimed to determine the prevalence
and pattern of bladder and urethral injuries in patients
with pelvic ring fractures and to examine their
association with fracture type, age, and sex.>®

Materials & Methods

This study was a retrospective, cross-sectional
analytical study including all patients admitted to
Shahid Rahnemoon Hospital, Yazd, between 2015 and
2020 with a diagnosis of pelvic ring fracture (based on
ICD-10 code S32.89XA). Inclusion criteria comprised
a confirmed diagnosis of pelvic fracture in medical
records and imaging documentation, while exclusion
criteria included a history of prior pelvic fracture,
previous urologic injury or surgery, and records with
insufficient key information.

Data were systematically extracted from hospital
records, radiology reports (plain radiographs and
pelvic CT scans), operative notes, and urology
consultations.  Supplementary information was
obtained through telephone contact with patients or
their relatives when necessary.

Fractures were classified according to the Young—
Burgess system into three patterns: anteroposterior
compression (APC), lateral compression (LC), and
vertical shear (VS). The presence and type of urinary
tract injury were determined based on laboratory
findings (urinalysis) and urology consultation.
Statistical analysis was performed using SPSS version
25 and the independent t-test. A significance level of
0.05 was considered, and the study power was 80%.

A total of 134 patients were included in the study, of
whom 86 (64.2%) were male and 48 (35.8%) were
female. The mean age of all patients was 40.7 + 21.5
years; the mean age of men was 35.6 £ 19.2 years, and
the mean age of women was 49 + 22.7 years, with the
difference being statistically significant (P < 0.001)
(Table 1). Regarding fracture patterns, the most
frequent type was LC, with 111 patients (82.8%). APC
and VS fractures were observed in 13 (9.7%) and 10
(7.5%) patients, respectively. The mean ages of the
LC, APC, and VS groups were 42.8 + 22.06, 25.3 +
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10.7, and 38.1 £ 19.2 years, respectively, and the
differences in mean age between groups were
statistically significant (P = 0.02), indicating that the
LC group had a higher mean age. Concerning urinary
symptoms, 54 patients (40.3%) were asymptomatic,
48 patients (35.8%) had gross hematuria, and 32
patients (23.9%) had microscopic hematuria.

Distribution of Urinary Findings by Pelvic Fracture Type

Urinary Symptoms
Gross hematuria
Microscopic hematuria

100 W No urinary symptems

@
=]

o
=]

Number of Patients

.
o

20+

LC APC
Fracture Type (Young-Burgess Classification)

Vs

Figure 1: Distribution of urinary symptoms according to fracture

type
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The relationship between fracture type and urinary
symptom pattern was analyzed across the entire
sample: among the 111 patients with LC fractures, 34
(30.6%) had gross hematuria, 27 (24.3%) had
microscopic hematuria, and 50 (45%) were
asymptomatic. In the APC group (n = 13), 9 patients
(69.2%) had gross hematuria, while in the VS group
(n = 10), 5 patients (50%) exhibited gross hematuria
(Figure 1).

In summary, in this series, the LC pattern was the most
prevalent, and patients with LC fractures were, on
average, older. Furthermore, fracture type was
significantly associated with the pattern of hematuria
occurrence, although this association was not
statistically significant in sex-specific analysis for
men, whereas it was significant for women.

The present study was conducted to examine the
relationship between pelvic fracture patterns and the
occurrence of urinary symptoms in trauma patients.
The findings demonstrated that the prevalence of
urinary symptoms, particularly hematuria, in patients
with pelvic fractures is considerable. International
studies have generally reported the prevalence of
urinary tract injuries in pelvic fractures to be
approximately 5-7%. For instance, a recent meta-
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Pelvic Fractures Types and Urinary System Injuries

Cbstract \

Introduction: Pelvic fractures, although comprising a small proportion of musculoskeletal injuries, are clinically
significant due to their proximity to vital anatomic structures. These injuries may carry a mortality rate of up to
20%. The location of the bladder and ureters within the pelvic cavity makes them highly vulnerable to trauma.
Urological injuries are reported in approximately 6—15% of pelvic fracture cases. This study aimed to investigate
the association between the type of pelvic fracture and the pattern of lower urinary tract symptoms.

Materials & Methods: In this study, medical records of patients diagnosed with pelvic fractures who were admitted
to a tertiary referral hospital within 5 years were reviewed. Patients with a history of prior pelvic fractures or
urological surgeries were excluded. Data were analyzed using SPSS25 software.

Results & Discussion: A total of 134 patients were included, of whom 86 (64.2%) were male. The mean age was
40.7 = 21.5 years. The most common fracture type was LC (Lateral Compression) (82.8%), followed by anterior-
posterior compression (9.7%) and vertical shear (7.5%). A statistically significant association was found between
fracture type and urinary symptoms (P=0.047). Gross hematuria was more frequent in anterior-posterior
compression fractures, while microscopic hematuria was more common in vertical shear fractures. Patients with LC
fractures were less likely to exhibit urinary symptoms.

Conclusion: The type of pelvic fracture is associated with the presence and nature of lower urinary tract symptoms.
Early recognition of this relationship may improve diagnostic accuracy and guide appropriate management in

trauma settings.
Keywords: Pelvic bones, bone fractures, urinary tract, hematuria, prevalence
Mehdi Abedinzadeh, MD', Seyed Houssein Saeed-Banadaky, MD?2, Milad Gholizadeh, MD?, Moein

Bighamian, MD*, Mohammad Taghi Moravej, MD?, Seyed Mustafa Akhlaghi, MD?, Sara Jambarsang, MD®
Pelvic ring fractures typically result from high-energy trauma such as motor
vehicle accidents or falls from height. Although they constitute only
approximately 2-3% of all skeletal fractures, their clinical consequences are
significant, and injury-related mortality has been reported in some centers to
reach up to 15%.1:2

The complex anatomy of the pelvic ring and its proximity to major vessels and
visceral organs, particularly the genitourinary system, make pelvic fractures
frequently associated with urologic injuries. Recent meta-analyses indicate that
the overall prevalence of urinary tract injuries in patients with pelvic fractures
is approximately 9.6%, although the bladder is particularly susceptible due to
its anterior pelvic location and its attachment to the pubic symphysis.
Intraperitoneal ruptures usually occur when a direct blow is delivered to a full
bladder, whereas extraperitoneal ruptures are more commonly associated with
structural injuries of the pelvic ring, especially fractures of the pubic symphysis.
Multiple studies have also reported a strong correlation between pubic
symphysis diastasis or displacement of anterior pelvic fractures and the
occurrence of bladder rupture and urethral injury.® Early diagnosis of these

injuries using modalities such as cystography and retrograde urethrography in
the presence of warning signs—hematuria, blood at the urethral meatus, perineal
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hematoma, or dysuria—and appropriate selection among catheterization,
cystostomy, or surgical repair are vital for reducing long-term complications
such as urethral stricture and infection.®
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Materials & Methods

Study Design and Setting

This was a descriptive cross-sectional study conducted
between 2008 and 2018 at Shahid Sadoughi and
Shahid Rahnemoun Hospitals in Yazd, Iran. The
patients diagnosed with spinal lesions (benign or
malignant) were included using a census sampling
approach. Patients with incomplete records or missing
pathology data were excluded. Data were collected
from hospital archives and pathology departments
using a pre-designed questionnaire. The variables
included: Age, Sex, benign or malignant tumors,
inflammatory lesions, cancer, lymphoma, sarcoma,
etc. The tumor size, anatomical origin, velated to
vertebral distribution were documented.

Statistical Analysis

Data were analyzed using SPSS version 22.
Descriptive statistics (mean, standard deviation,
frequencies, percentages) were calculated. Chi-square
tests were used to assess associations between
categorical variables, while independent t-tests were
applied for continuous variables. A p-value <0.05 was
considered statistically significant.

Demographics

The mean age of patients was 52.1 + 20.5 years,
ranging from 1 month to 89 years. Males comprised
70.2% (n=80) and females 29.8% (n=34). 63 lesions
(55.3%) were benign, while 51 (44.7%) were
malignant. Lumbar spine was the most affected site
(64%), followed by thoracic (20.2%), sacral (13.2%),
and cervical vertebrae (2.6%). The most frequent
Pathology was inflammatory lesion (49.1%), followed
by cancers (38.6%), lymphomas (4.4%), benign
tumors (3.5%), sarcomas (0.9%), and others (3.5%).

Statistical Associations

No significant association was found between lesion
type (benign vs. malignant) and sex, age, anatomical
origin, or year of diagnosis (p>0.05). Mean lesion size
did not significantly differ between benign and
malignant lesions (p=0.134).

This study provides one of the systematic evaluations
of spinal lesions in Yazd, Iran. The findings indicate
that benign lesions—mainly inflammatory in nature—
were more prevalent than malignant ones, though
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malignancies accounted for nearly half of cases. The
predominance of lumbar involvement is consistent
with previous studies, reflecting biomechanical stress
and higher blood flow in this region, which may
predispose it to infections and metastases. The male
predominance observed is similar to reports in
literature, although some studies have found no sex-
related differences. %7

Inflammatory lesions, including tuberculosis and
brucellosis, accounted for nearly half of cases,
underscoring the continued relevance of infectious
etiologies in Iran, a country where these diseases
remain endemic. Malignant lesions, particularly
metastatic cancers and lymphomas, also constituted a
significant proportion of cases, reflecting global
trends in spinal oncology. Interestingly, no significant
correlation was found between demographic or
anatomical variables and lesion type, suggesting that
both benign and malignant lesions can present across
diverse age groups and spinal levels.

Our findings are in line with Weinstein et al.,®) who
reported similar proportions of benign versus
malignant lesions, and Erfani et al.,”’ who highlighted
the high frequency of metastatic involvement in
Iranian populations. However, our study uniquely
emphasizes the burden of inflammatory lesions in the
region. These results highlight the importance of
comprehensive  diagnostic  workups, including
advanced imaging and biopsy, to differentiate
between infectious, benign, and malignant spinal
lesions. Early diagnosis is essential for preventing
irreversible neurological damage and optimizing
treatment outcomes.

Conclusion

Benign inflammatory lesions were the most common
spinal pathologies in this study, but malignant lesions
comprised nearly half of the cases, with lumbar
involvement being the most frequent site. No
significant demographic or anatomical predictors
were identified. These findings highlight the dual
burden of infectious and neoplastic spinal diseases in
Iran and underscore the need for early detection,
multidisciplinary management, and multicenter
studies to better define epidemiological trends and
optimize treatment strategies.
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Distribution and Clinicopathologic Characteristics of Spinal Column Lesions

(A 10-Year Study)

(Abstract \

Introduction: Spine is a critical component of the musculoskeletal system, and lesions involving vertebrae may
significantly affect patients’ quality of life. Benign spinal lesions, such as infections, can be curable but are often
difficult to diagnose, whereas malignant lesions—including sarcomas and metastatic tumors—carry a poor
prognosis.

Materials & Methods: This descriptive cross-sectional study included 114 patients diagnosed with benign and
malignant spinal lesions between 2008 and 2018 in 2 teaching hospital. Data were collected using a structured
questionnaire and analyzed using SPSS version 22. Variables included age, sex, pathology type, lesion type
(benign/malignant), size, anatomical origin, and year of diagnosis.

Results & Discussion: 114 patients with mean age of 52.1 + 20.5 years (range: 1 month—89 years) were studied.
Males accounted for 80 (70.2%) of cases. Of all the lesions, 63 (55.3%) were benign and 51 (44.7%) malignant.
Lumbar involvement was the most location frequent (64%), followed by thoracic (20.2%), sacral (13.2%), and
cervical (2.6%). Pathologically, inflammatory lesions were most common (49.1%), followed by cancers (38.6%),
lymphomas (4.4%), benign tumors (3.5%), sarcomas (0.9%), and others (3.5%). No significant association was
observed between lesion type and sex, age, lesion site, or age at diagnosis (p>0.05).

Conclusion: Benign lesions—particularly inflammatory ones—represented the majority of spinal pathologies,
though malignant lesions comprised nearly half of cases. The lumbar region was most commonly affected. These
findings underscore the importance of comprehensive diagnostic approaches and points to need for further
multicenter studies to improve management of spinal lesions.

Keywords: Spine, spinal neoplasms, clinical pathology
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and even mortality.
Globally, primary spinal tumors are relatively rare compared to metastatic
involvement, with only 5-10% of all metastases affecting the vertebral
column.? ¥ Benign lesions such as tuberculosis and brucellosis remain
prevalent in developing regions, while malignant entities, including multiple
myeloma, sarcomas, and metastatic carcinomas, are of major concern in elderly
populations.®
Despite their clinical relevance, few comprehensive studies have been carried
out in Iran to investigate the epidemiology and clinicopathological distribution

f,[‘;ggsg%';ﬁl;gd‘:ﬁ’ tll\',;’l;: of spinal lesions. The present study aims to fill this gap by analyzing the data of
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complications or the need for reintervention.* These
discrepancies may be attributed to differences in
injury type, outcome definitions, treatment protocols,
and the timing and method of pain assessment. In the
present study, in addition to the two-group
comparison, Spearman rank correlation analysis also
showed a trend approaching statistical significance
toward decreased function with increasing delay,
which may support the hypothesis of a temporal effect
on rehabilitation, although a larger sample size is
required for definitive conclusions.

In this study, no significant differences were observed
in aesthetic, pain, or functional scores between men
and women, nor between the right and left sides. From
a methodological standpoint, the small number of
female patients may have reduced the statistical power
to detect true differences. Moreover, in industrial
injuries, factors such as type of exposure, trauma
severity, and rehabilitation protocols may be more
influential than variables such as sex or laterality.*

In contrast to pain and function, the variables
examined did not provide a clear explanation for
variations in aesthetic outcomes. This likely reflects
the multifactorial nature of fingertip appearance.
Factors such as nail quality and nail bed condition,
amputation angle, nail plate deformity, and scar
quality are important determinants, and if not recorded
in a structured manner, the ability to conduct precise
analysis is reduced.?® In addition, comparative
studies of flap techniques have reported differences in
rates of nail deformity and contracture, suggesting that
appearance may depend more on the type of defect and
surgical technique than solely on sex or laterality.!”
Furthermore, long-term reports on neurovascular flaps
have identified complaints such as cold intolerance
and nail deformity as being partly dependent on the
nature of the initial injury, reinforcing the importance
of detailed documentation of wound characteristics
and nail bed status.?”

Conclusion

In recent years, conservative management using semi-
occlusive dressings has been introduced as an option
in selected cases, and several recent studies and
reviews have reported favorable outcomes, reduced
donor-site  morbidity, and acceptable tissue
regeneration.> ¥ Nevertheless, in occupational
populations requiring durable coverage, or in cases
where bone exposure or the need for immediate
coverage is present, local flap techniques continue to
play a central role.*® In addition, data on homodigital
neurovascular flaps and techniques based on digital
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arterial branches have demonstrated that stable
coverage with acceptable sensory recovery can be
achieved, although this often comes at the cost of
increased technical complexity and a higher
requirement for surgical expertise.*®

Among the strengths of this study are the use of real-
world patient data and the simultaneous evaluation of
multiple clinical factors within a population with a
uniform injury mechanism. However, several
important limitations should be acknowledged. First,
the study is single-center with a relatively limited
sample size, which may increase the risk of type II
error in some subgroup analyses. Second, outcome
assessment was performed using a researcher-
developed numerical scale, and standardized validated
international instruments such as FIOS were not
employed.®® Third, aesthetic outcomes were
evaluated by a single observer; although this reduces
interobserver variability, it may still introduce
observer bias. Fourth, objective measurements such as
two-point discrimination testing, assessment of
protective sensation, and range of motion parameters
were not recorded, despite the fact that sensory
recovery is considered one of the key advantages
reported in neurovascular techniques.®® 2% Finally, if
the exact timing of postoperative assessments and the
duration of follow-up are not consistently
documented, interpretation of pain and functional
outcomes becomes more challenging.

Based on the findings of this study, patients with
multi-digit injuries should be initially anticipated to
experience greater pain and a more challenging
rehabilitation course, and therefore pain management
and rehabilitation protocols should be proactively
tailored. In cases involving the fifth digit, particular
attention to functional training, targeted rehabilitation,
and monitoring of return-to-work status is
recommended. Furthermore, from a practical
standpoint, the results of this study support the design
of referral pathways and surgical planning strategies
aimed at minimizing delay, particularly within the first
24 hours after injury. Future studies are recommended
to adopt multicenter designs with larger sample sizes,
precise documentation of injury patterns based on
standardized classifications, objective assessment of
sensory and motor function, and the use of validated
outcome measures such as FIOS, in order to more
accurately estimate the independent effect of each
variable.
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rank correlation coefficient was applied. This analysis
showed no significant association between delay and
either appearance or pain (p>0.05). However, for
functional outcome, the p-value was 0.094, indicating
a borderline trend toward decreased function with
increasing surgical delay. Although this finding did
not reach statistical significance, it may have clinical
relevance and warrants further investigation in larger
samples with control for potential confounders.
Overall, the results of the statistical analyses are
summarized in Table 2.

The findings of this study indicate that reconstruction
of fingertip amputation using a palmar flap, in a
population predominantly affected by industrial injury
mechanisms, is generally associated with relatively
favorable functional and aesthetic outcomes. At the
same time, three distinct clinical patterns emerged as
factors associated with outcomes: increased pain in
multi-digit injuries, reduced function in cases
involving the fifth digit, and an association between a
delay of more than 24 hours to surgery and increased
postoperative pain. These findings can be interpreted
within the framework of the primary goals of fingertip
injury management, namely achieving a painless digit,
preserving length, and providing protective sensation
along with durable coverage. &2

From an epidemiological perspective, the
predominance of male patients and occupational
context is consistent with previously reported patterns
in traumatic hand injuries and digital amputations.®
In the present study, all cases were attributed to
industrial mechanisms, which underscores, in terms of
hand emergency service planning, the necessity of
streamlined pathways for rapid assessment, decision-
making, and rehabilitation. This is particularly
important because such patients typically require a
quicker return to work and more durable fingertip
coverage.®

Palmar flaps, utilizing glabrous skin from the palm,
theoretically offer the potential to create a functional
and relatively stable fingertip due to their tolerance to
contact, resistance to shear forces, and relative
compatibility with the pulp.* 'V In case series and
technical reports, mid-palmar—based approaches have
been introduced as practical options for certain defect
patterns, particularly in the long fingers.!'?
Furthermore, more recent studies on flaps based on the
superficial palmar branch of the radial artery have
reported clinical efficacy and soft tissue coverage
capability in the distal finger region, indicating that
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the use of palmar tissue remains an active and
evolving area in distal fingertip reconstruction.??

In the analysis of the present study, pain was
significantly greater in patients with injuries involving
three digits. Clinically, multi-digit injuries are often
associated with higher energy trauma, greater extent
of soft tissue damage, and increased psychological
burden, all of which can complicate the rehabilitation
process. This observation is consistent with evidence
from studies on patterns of digital amputation; for
example, in a large study focusing on patient-reported
outcomes, injury patterns involving three or more
digits were found to have particular significance in
terms of patient-centered outcomes.?® From a
practical standpoint, the present finding may imply the
need for closer pain monitoring, patient education and
expectation management, and the design of
rehabilitation and pain control programs tailored to the
severity of injury.*©

A significant reduction in functional scores was
observed in cases involving the fifth digit. This
finding may have several explanations. Functionally,
the fifth digit plays an important role in power grip and
ulnar coordination of the hand, and any persistent
pain, shortening, sensitivity, or limitation of motion
may become more evident in daily activities and
manual tasks. On the other hand, the number of fifth-
digit cases in this study was limited, and the results
may have been influenced by characteristics of the
injury pattern, the extent of pulp loss, or concomitant
nail bed injury. Comparative reports on flap
techniques have also noted differences in functional
outcomes, rates of contracture, and nail deformities,
suggesting that the final outcome may depend on the
technique, defect pattern, and rehabilitation.!® ' In
future studies, the use of more standardized outcome
assessment tools, such as the Fingertip Injury
Outcome Score, may help to more precisely delineate
the role of the involved digit and the severity of
injury.®¥

Another key finding was that a delay of more than 24
hours to surgery was associated with a significant
increase in postoperative pain. From a physiological
perspective, delayed wound cleansing, debridement,
and establishment of stable coverage may lead to
increased inflammation, edema, stimulation of nerve
endings, and in some cases infection or scar
sensitivity, ultimately exacerbating the pain
experience.* ® However, it should be noted that the
relationship between time to surgery and outcomes is
not consistent across studies. For instance, in a recent
study on traumatic finger injuries leading to
amputation, increased time to surgery was not
significantly associated with a higher risk of

]
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a minimum follow-up period of 6 months. These
findings are summarized in Table 1.

Table 2. Summary of Statistical Tests and Main Results

Comparison
o Outcome Statistical P- Conclusion
Explanatory Test value
Variable
No
Ind dent .
Appearance ndepencen 0.317 significant
t-test .
difference
Sex (male Independent No
Pain P 0.395 significant
vs. female) t-test .
difference
No
Function Independent 0.187 significant
t-test .
difference
No
Ind dent .
Appearance ndepencen 0.354 significant
t-test .
difference
Side of No
Ind dent
injury (right Pain n etpt:t 0723 significant
vs. left) difference
No
Function Independent 0.861 significant
t-test .
difference
Three-finger
. One-way group had
P 0.031 > .
am ANOVA higher pain
Number of scores
affected One-wa No
fingers (1,2, | Appearance Y >0.05 significant
ANOVA .
3) difference
One-way No
. = > . .
Function ANOVA 0.05 mgnlﬁcant
difference
. Function t-test 0.007 Lower
Finger (finger 5) function
b . Borderli
fumber Finger 1 t-test 0.092 or ?r 1.ne
association
Delay >24
hours
Time to Pain Indiptzrsl;ient 0.017 associated
surgery (<24 with higher
vs. >24 pain
hours) Appearance No
and Independent >0.05 significant
. t-test L.
function association
Appearance Spearman No
PP . P . >0.05 significant
and pain correlation .
association
Time to Borderline
surgery trend toward
h
(hours) Function Spea@an 0.094 poor.er
correlation function
with longer
delay
In the analytical assessment, no statistically

significant differences were observed between men
and women in terms of appearance and pain scores.
The corresponding p-values were 0.395 and 0.317,
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respectively. Likewise, no significant difference was
found in functional scores between the two groups,
with a reported p-value of 0.187. Therefore, in the
present sample, sex was not associated with
significant variation in any of the three primary study
outcomes.

Subsequently, outcomes were compared based on the
side of injury using the independent samples t-test.
The results indicated no significant difference in
appearance scores between right- and left-hand
injuries (Figure 2), with a p-value of 0.354. Similarly,
no significant difference was observed in pain scores
(p=0.723). Finally, functional scores also did not
differ significantly between the two sides (p = 0.861).
These findings suggest that, within the context of this
study, the side of involvement had no significant
effect on patient-reported outcomes.

The association between the number of involved digits
and postoperative outcomes was evaluated using one-
way analysis of variance. In this analysis, pain scores
showed a statistically significant difference across
groups, with a p-value of 0.031. Specifically, patients
with involvement of three digits reported higher pain
levels. In contrast, appearance and functional scores
did not differ significantly among patients with one-,
two-, or three-digit involvement, with p-values greater
than 0.05 for both outcomes. These results indicate
that the number of involved digits appears to be more
closely related to increased postoperative pain rather
than to changes in appearance or function.

In the analysis stratified by digit number, involvement
of the fifth digit was associated with a significant
reduction in functional score (p=0.007). Moreover, in
the evaluation of postoperative pain for the first digit,
the p-value was 0.092, which lies in a borderline range
and may suggest a potential trend, although it does not
meet the conventional threshold for statistical
significance (p<0.05). No significant effects were
observed for the other digits.

The effect of time to surgery was examined at two
levels. First, patients were categorized into two groups
based on delay to surgery, less than 24 hours and more
than 24 hours, and compared using the independent
samples t-test. The results demonstrated that a delay
of more than 24 hours was significantly associated
with increased postoperative pain at final follow-up
(p=0.017). In contrast, no significant differences were
found between the two groups in terms of appearance
or functional scores, with p-values greater than 0.05 in
both cases. All outcomes were recorded at the final
follow-up after completion of reconstruction.

In the next step, to assess the continuous relationship
between delay in hours and outcomes, Spearman’s

]
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the flap. During this period, active mobilization of the
shoulder, elbow, wrist, and uninvolved digits was
initiated from the first day, and gentle active
movement of the free joints of the involved digit was
gradually started according to patient tolerance. After
splint removal and adequate wound healing, and in
cases of two-stage flaps, following pedicle division
(usually around 10-15 days after the first stage),
active and passive range-of-motion exercises of the
involved finger were initiated under the supervision of
a hand therapist. These were subsequently progressed
in a stepwise manner with stretching exercises, edema
control, and later functional strengthening. After
complete wound closure, patients were instructed in
scar care and desensitization techniques, including
scar massage and a gradual desensitization
program.®” The timing of pedicle division in two-
stage flaps was determined based on the surgeon’s
judgment and the status of healing.

Outcome measures included functional score, pain
score, and appearance/aesthetic score, which were
recorded using a data collection form specifically
designed for this study and based on a numerical scale
ranging from 0 to 10. Pain was assessed using a
numerical rating scale from 0 (no pain) to 10 (worst
imaginable pain). In addition, variables extracted from
the medical records were used both for descriptive
purposes and to examine the association between
selected factors and outcomes, including sex, side of
injury, number of digits involved, digit number, and
time interval to surgery. The study was conducted
after approval by the institutional research council and
with authorization from the university ethics
committee and was conducted in accordance with the
Declaration of Helsinki.?) Patient information was
treated as confidential and analyzed in a coded format.

Data were entered and analyzed using the Statistical
Package for the Social Sciences (SPSS), version 26.
Quantitative variables were reported as mean and
standard deviation, while qualitative variables were
presented as frequency and percentage. The
independent samples t-test was used to compare mean
outcomes between two groups, and one-way analysis
of variance (ANOVA) was applied for comparisons
among more than two groups.

In cases where assumptions of normality were not
met, corresponding non-parametric tests were
employed. In addition, appropriate correlation
methods, based on data distribution, were used to
assess the relationship between time from injury to
surgery and outcomes. A p-value of less than 0.05 was
considered statistically significant. In the presence of
missing data for certain variables, the number of valid
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cases for each analysis was reported, and analyses
were conducted based on available data.

Over the 8-year period, 63 records were identified.
After removal of duplicate or irrelevant cases (n=2),
exclusion of records that did not meet the inclusion
criteria or had undergone non-palmar reconstruction
(n=4), and elimination of records with incomplete key
information (n=4), a total of 53 eligible patients
remained. Of these, 1 patient withdrew and 2 patients
were not reachable, resulting in 50 patients included
in the final analysis.

Figure 1. Intraoperative images of fingertip amputation and
reconstruction using a palmar flap. (A) View of the soft

tissue defect prior to reconstruction. (B) View after
placement and fixation of the flap over the fingertip.

The mean age of patients was 30.14 years (standard
deviation: 5.58), with an age range of 20 to 40 years.
A total of 44 patients (88%) were male and 6 (12%)
were female. Thirty patients (60%) had injuries to the
right hand and 20 patients (40%) to the left hand.

Regarding the number of involved digits, 34 patients
(68%) had single-digit injuries, 6 patients (12%) had
involvement of two digits, and 10 patients (20%) had
injuries involving three digits. In total, 76 injured
digits were recorded in the sample, with the highest
frequency observed in the second and third digits.

The time interval from injury to surgical intervention
ranged from 4 to 168 hours, with a mean of 33.04
hours (standard deviation: 50.93). Outcome scores for
appearance, pain, and function were recorded at final
follow-up using a 0 to 10 Likert scale. For the pain
index, higher scores indicated greater pain.

The mean duration of follow-up from the time of

surgery to outcome assessment was 14.8 months
(standard deviation: 7.2; range: 6 to 36 months), with
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Given the retrospective nature of the study, the sample
size was determined based on the total number of
eligible patients during the 2016 to 2024 period.

Table 1: Baseline patient characteristics, injury pattern, and

main outcomes (n = 50 patients, 76 digits)

Variable Value

Age (years), mean + standard
deviation, range
Sex, n (%)
Side of injury, n (%)

20 to 40; 30.14 £5.58

Male 44 (88); Female 6 (12)
Right 30 (60); Left 20 (40)
Industrial 50 (100)

1 digit: 34 (68); 2 digits: 6 (12);
3 digits: 10 (20)

Digit 1: 3 (3.94); Digit 2: 27
(35.52); Digit 3: 25 (32.89);
Digit 4: 13 (17.10); Digit 5: 9
(11.84)

Mechanism of injury, n (%)

Number of digits involved per
patient, n (%)

Distribution of injured digits out
of 76 digits, n (%)

Time to surgery (hours), mean +

s 4 to 168; 33.04 + 50.93
standard deviation, range

Appearance score, mean +

0772 £ 1.
standard deviation, min—max 61010772+ 1.43

Pain score, mean + standard

.. . 2t09;7.72+1.36
deviation, min—max

Function score, mean =+ standard

.. . 510 10; 8.26 £ 1.45
deviation, min—max

During the initial extraction phase, approximately 63
records were identified from the hospital archive.
After removal of duplicate or irrelevant cases (n=2)
and exclusion of records that did not meet the
inclusion criteria or had not undergone palmar flap
reconstruction (n=4), a number of additional records
were excluded due to missing key information
(including absence of date or time required to
calculate time to surgery, incomplete documentation
of the injured finger or side, or lack of valid contact
information for follow-up) (n=4). Ultimately, 53
eligible patients remained. Of these, during the final
follow-up process, one patient withdrew from
participation and two patients were not reachable
despite at least three contact attempts. Therefore, 50
patients were included in the final analysis.

Initially, eligible patient records from 2016 to 2024
were retrieved from the hospital archive.
Demographic data and injury-related information
were extracted, including age, sex, side of injury,
number of the injured digit, number of digits involved
per patient, and the time interval between injury
occurrence and surgical intervention. The mechanism
of injury was also recorded for descriptive purposes.
In cases where a variable was incomplete in some
records, analyses related to that variable were
conducted based on the number of valid observations,
and the denominators were clearly reported in the
results. However, records lacking key information

Outcomes of Fingertip Amputation...

required for study inclusion or final follow-up were
excluded during the screening stage.

After identification, patients were enrolled in the study
based on the inclusion and exclusion criteria.
Informed consent was obtained from all participants.
Pain and functional outcomes were assessed using a
10-point Likert scale, where a score of 1 indicated
minimal pain and a score of 10 indicated maximal
pain.®” For assessment of appearance and aesthetics,
a single fixed evaluator rated the outcomes using the
same 10-point Likert scale.

Outcome evaluation, including pain, function, and
appearance, was conducted at the final follow-up.
Final follow-up was defined as the last recorded
patient visit after completion of treatment and wound
healing, and in cases involving a two-stage flap, after
pedicle division. The duration of follow-up was
calculated as the time interval between the date of
surgery and the date of final follow-up, at which
outcomes were recorded. Throughout the manuscript,
“postoperative pain” refers to the pain score at the time
of final follow-up.

Surgical Technique and Postoperative Care Surgical
procedures were performed by the center’s surgical
team, including attending surgeons with participation
of orthopedic residents. In cases where a resident was
the primary operator, key steps were carried out under
the direct supervision of a senior surgeon. In most
cases, anesthesia was achieved using regional
anesthesia in the form of a digital nerve block, and the
type of anesthesia was recorded based on medical
documentation.

At the study center, fingertip reconstruction with a
palmar flap was performed as a pedicled flap
harvested from glabrous hand skin. The flap design
was determined based on the location of the defect and
the involved digit. The flap was elevated as a full-
thickness flap with an adequate layer of subcutaneous
tissue to preserve its vascularity. After debridement
and preparation of the recipient site, the flap was
secured over the defect without tension. When
necessary, the finger was immobilized in an
appropriate position to avoid pressure on the pedicle
(Figure 1).

Postoperatively, patients were monitored for signs of
flap vascular compromise and were instructed on
wound care. Short-term immobilization was applied to
protect the flap, and a rehabilitation and mobilization
program was initiated after ensuring flap stability and
initial wound healing. Typically, in the early
postoperative days, the limb was maintained in an
elevated position, and a short-term protective splint
(approximately 7 to 10 days) was used to safeguard
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In recent years, semi-occlusive dressing has been
introduced as a non-surgical option in selected cases,
and recent studies have reported satisfactory healing,
patient satisfaction, and certain functional advantages.
These findings highlight the need for clearly defined
indications and fair comparison between treatment
modalities.¢®

In cases involving extensive soft tissue loss or
exposure of the distal phalanx, reconstruction with a
local flap is usually required. The cross-finger flap and
the thenar flap are among the commonly used
reconstructive techniques, and in addition, the mid-
palmar flap has been proposed for certain defect
patterns. Despite their advantages, some flap
techniques may necessitate a longer period of
immobilization, which can influence return to work
and patient satisfaction.(® %10

From a reconstructive standpoint, in volar fingertip
defects, the use of glabrous palmar skin is functionally
advantageous due to its similarity in thickness,
durability under contact, and quality of coverage.
Palmar flaps, by providing a robust and relatively
similar tissue to the fingertip pulp, may represent a
valuable option for working individuals and those
with frequent fingertip contact. In designs based on
the mid-palmar region, attention has been paid to its
vascular supply from the superficial palmar branch of
the radial artery.!*12

The use of palmar skin for the repair of digital defects
dates back to classic reports. Gatewood introduced
this concept in the early decades of the twentieth
century, and with subsequent modifications, its
application was expanded to distal and fingertip
injuries. Thereafter, techniques based on palmar and
thenar flaps were refined by various surgeons, and
their technical foundations evolved.'®

Nevertheless, concerns have been raised regarding
complications such as joint stiffness and donor-site
scar tenderness. Clinical evidence suggests that a
substantial proportion of these issues can be mitigated
through  optimization of surgical technique,
appropriate pedicle design, timely flap division, and
early initiation of rehabilitation. Reports on thenar flap
rehabilitation and larger case series have also
emphasized the importance of structured mobilization
to prevent joint stiffness.(1% 1419

In the evaluation of treatment outcomes for fingertip
injuries, in addition to objective measures, patient-
reported outcomes such as pain, functional
performance in daily activities, and satisfaction with
appearance are of particular importance. In recent
years, comparative studies have demonstrated
differences in certain functional and aesthetic
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outcomes among flap techniques, and recent reviews
continue to highlight the role of the thenar flap as a
reliable option in fingertip reconstruction.!%17)

Given the limited evidence regarding outcomes of
fingertip reconstruction using palmar flaps,
conducting center-based studies may assist in clinical
decision-making, provide more precise patient

counseling, and contribute to the refinement of
treatment and rehabilitation protocols. The present
study aims to evaluate the outcomes of reconstruction
in patients with fingertip amputation treated using a
palmar flap technique, as well as to analyze the
relationship between outcomes and selected clinical
factors. 19

Materials & Methods

This study is a retrospective cross-sectional
observational investigation conducted through review
of the medical records of all patients with fingertip
amputation. The target population consisted of
patients who had undergone fingertip reconstruction
using a palmar flap at Shahid Sadoughi Hospital in
Yazd between 2016 and 2024. The study was reported
in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE)
guidelines. 1% 19

Figure 1. Intraoperative images of fingertip amputation and
reconstruction using a palmar flap. (A) View of the soft
tissue defect prior to reconstruction. (B) View after

placement and fixation of the flap over the fingertip.

Sampling was performed using a convenience
approach in the form of a census of all eligible cases
within the specified time frame. Inclusion criteria
comprised patients with fingertip amputation who had
undergone reconstruction with a palmar flap and had
provided informed consent to participate in the study.
Exclusion criteria included lack of consent for
participation and non-response during follow-up.
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Outcomes of Fingertip Amputation Reconstruction by Palmar Flap

(A Retrospective Cross-Sectional Study)

(Abstract \

Introduction: Fingertip injuries are among the most common hand traumas, and the choice of reconstructive
technique may influence pain, function, and digital appearance. This study aimed to evaluate the outcome of palmar
flap reconstruction for fingertip amputation and assess factors associated with postoperative outcome.

Materials & Methods: Medical records of patients who underwent palmar flap reconstruction from a hospital
between 2016 and 2024 were reviewed in a retrospective cross-sectional observational study. Patient-reported
outcomes including function, pain, and appearance were measured using a 10-point numeric rating scale. Statistical
analysis was performed using the independent t-test, one-way analysis of variance (ANOVA), and Spearman rank
correlation.

Results & Discussion: 50 patients with the mean age of 30.14 years with a standard deviation (SD) of 5.58, and
88% being male were studied. All injuries were industrial. The mean scores for appearance, pain, and function were
7.72,7.72, and 8.26, respectively. No significant differences in outcomes were observed by sex or injured side. Pain
scores were higher among patients with three injured fingers (p=0.031). Functional scores were significantly lower
in injuries involving the fifth finger (p=0.007). Surgery performed more than 24 hours after injury was associated
with higher pain scores (p=0.017), and a borderline trend toward poorer function with increasing surgical delay was
observed (p=0.094).

Conclusion: In palmar flap reconstruction for fingertip amputation, the number of injured fingers, involvement of
the fifth finger, and surgical delay are key factors associated with lower postoperative outcomes.

Keywords: Finger injuries, traumatic amputation, surgical flaps, hand injuries
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extent of bone or tendon exposure, the condition of the nail bed, and the patient’s
functional needs.“®
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that ultrasound could serve as a useful screening tool
before proceeding with EDx evaluation for CTS.(?

Collectively, these results highlight the clinical value
of ultrasound as an effective tool for both the diagnosis
and severity grading of CTS. While CSA remains the
most robust parameter, nerve width alone is less
specific and may lead to false-positive results.
Anatomical variations such as bifid median nerves or
accessory muscle structures may further complicate
sonographic interpretation, emphasizing the need for
careful technique and experience. The present study’s
strengths lie in its integrated approach, evaluating
anthropometric, electrophysiological, and
sonographic parameters, and encompassing the
assessment of both hands. This study is limited by its
single-center nature, modest sample size, and the lack
of extended follow-up to determine how ultrasound
parameters relate to treatment outcomes Future
research should aim to include control groups,
standardized sonographic measurement protocols, and
longitudinal follow-up to assess the prognostic value
of these imaging findings.

Conclusion

Ultrasonography, particularly the measurement of the
median nerve’s CSA, provides a reliable, non-
invasive, and accurate diagnostic modality for CTS.
The findings indicate that CSA correlates strongly
with disease severity and can effectively complement
electrodiagnostic (EMG-NCV) testing in confirming
and grading CTS. Additionally, a higher body mass
index (BMI) appears to contribute to increased nerve
compression, highlighting the potential role of
metabolic factors in disease progression. Overall,
ultrasonography is a valuable and patient-friendly tool
for diagnosing CTS and evaluating its clinical
severity.
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8.5 mm? showed high sensitivity (87.5%) and good
specificity (81.7%), making it a reliable indicator. The
nerve width at 5 mm had very high sensitivity (100%)
but lower specificity (71.4%), which may lead to false
positives.

On the left hand, a CSA cut-off of 8§ mm?
demonstrated moderate sensitivity (70%) and high
specificity (95.5%), while a nerve width of 5 mm
provided higher sensitivity (79.5%) but lower
specificity (58.3%) for diagnosing CTS (Table 3).

Our findings revealed no statistically significant
difference in age across severity groups based on
EMG-NCYV classification (P=0.344), suggesting that
age alone may not be a strong determinant of CTS
severity. In contrast, BMI was significantly higher in
more severe EMG-NCV groups (P=0.01), implying
that increased body mass may contribute to greater
compression or inflammation of the median nerve.

Sonographic assessment revealed a proportional
increase in both the CSA and width of the median
nerve with increasing disease severity, observed in
both hands. In the right hand, significant differences
in mid-forearm CSA and nerve width (proximal to the
carpal tunnel) were observed (P=0.000 and P=0.006,
respectively), mainly between normal vs severe, and
mild vs moderate/severe groups. At the proximal
carpal tunnel, CSA (P=0.002) and width (P=0.002)
also differed significantly between groups. Similar
results were found for the left hand, with significant
between-group differences in mid-forearm CSA and
width (proximal to the carpal tunnel; P=0.023 and
0.032, respectively), proximal tunnel CSA (P=0.001),
proximal tunnel width (P=0.010), and distal tunnel
CSA. Additionally, analysis of bony and tendinous
carpal tunnel anatomy (width, depth, and CSA)
revealed statistically significant differences (e.g.,
P=0.025 for CSA).

These findings align with previous research. A meta-
analysis by Roll et al. reported a normal median nerve
CSA of approximately 8.6 mm? at the carpal tunnel,
with higher values strongly associated with CTS.!?
Moreover, lkumi et al. demonstrated a significant
positive correlation between CSA and BMI (r=0.44)
in symptomatic patients, which supports the
relationship observed in our study between higher
BMI and increased median nerve size.!*> From a
diagnostic standpoint, our findings show that
sonographic  measurements  offer  substantial
sensitivity and specificity. In the right hand, a CSA
cut-off of 8.5 mm? achieved 87.5% sensitivity and
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81.7% specificity, while nerve width >5 mm yielded
perfect sensitivity (100%) but lower specificity
(71.4%). In the left hand, a CSA cut-off of 8 mm? had
70% sensitivity and 95.5% specificity, and a width of
5 mm achieved 79.5% sensitivity and 58.3%
specificity. Vo et al. demonstrated that the median
nerve CSA is a reliable diagnostic marker for CTS.
They proposed a proximal CSA (p-CSA) threshold of
greater than 9.5 mm? for the diagnosis of CTS, while
values exceeding 15.5 mm? were suggested as
indicative of severe CTS within the Vietnamese
population.'

Table 3: Sonographic criteria, sensitivity, and specificity of
the cross-sectional area and width of the median nerve at the

carpal tunnel for the diagnosis of carpal tunnel syndrome in
the right and left hand

Cut-
Hand Variable off Sensitivity | Specificity
Value
Cross-sectional area of 85
the median nerve at the o 87.5% 81.7%
carpal tunnel mm
Right
Width of the median
nerve at the carpal 5 mm 100% 71.4%
tunnel
Cross-sectional area of g
the median nerve at the N 70% 95.5%
carpal tunnel mm
Left
Width of the median
nerve at the carpal 5 mm 79.5% 58.3%
tunnel

Our results are also supported by several recent
clinical studies. Cristiani-Winer et al. (2020)
examined 50 patients (14 men, 36 women) using both
electrodiagnostic and ultrasonographic methods, and
reported that if diagnostic confirmation was required,
ultrasonography proved to be an excellent option,
offering a less stressful, less painful, and noninvasive
experience for patients while also reducing healthcare
costs and expediting the diagnostic process.!>
Building on similar research, Bang et al. (2019)
assessed 34 CTS patients, concluding that median
nerve CSA measurement aids in early diagnosis and
distinguishes between normal and mild cases.!® In a
broader study, Billakota Santoshi et al. (2017)
examined 1,021 extremities across 670 patients.
Ultrasonography yielded positive results in 97.6% of
cases with CTS confirmed by electrodiagnostic (EDx)
testing, indicating that median nerve ultrasound
demonstrates sensitivity comparable to the EDx gold
standard for CTS diagnosis. These findings suggest
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applied to each patient wusing sonographic
visualization of anatomical landmarks. All relevant
measurements were obtained bilaterally and compared
among the groups with varying symptom severity. All
participants provided written informed consent before
undergoing the ultrasound procedure. No additional
costs were incurred by patients for participation in the
study.

In this study, the mean age of patients was 49.5+10.42
years old. Moreover, body mass index (BMI) was
26.8+3.56 Kg/m?* The frequency of men and women
was 6 (10%), and 54 (90%), respectively. The
involvement of right, left and both hands was seen in
8 (13.3%), 4 (6.7%), and 48 patients (80%),
respectively (Table 1).

Table 2: Mean Cross-sectional area and width of the median

nerve in different patient groups based on EMG-NCV
findings

Group MeanACr;ZS(sr-nS:;)tional Mean Width (mm)
Right Left Right Left
Normal 9.7+1.8 8.7+1.7 4.5+0.5 4.3%1.5
Mild 9.97+3.1 9.6+2.6 5.4+1.1 5.6+0.7
Moderate 11.6+1.9 12.243.5 6.65+1.1 6.0£0.9
Severe 14.24+4.6 11.6+5.4 6.4+1.4 6.0+1.2
llrdt)e?rll 11.9+£3.91 11.02+4.19 6.08+1.35 5.8+1.10

The mean age did not differ significantly across the
groups (P=0.344). In contrast, BMI values showed a
statistically significant variation (P=0.01), with
patients  exhibiting more severe EMG-NCV
abnormalities generally presenting with higher BMI
measurements. Additionally, comparison of the total
Boston score as a clinical index of carpal tunnel
syndrome demonstrated a significant difference
among the groups (P=0.004). Further analysis
indicated that this significant difference was
specifically attributable to the contrast between the
Moderate and Severe groups. EMG-NCV results
showed that carpal tunnel syndrome was generally
more severe and frequent in the right hand, with severe
cases most common on the right (36.7%) and
moderate cases most common on the left (35%).

Diagnostic value of sonographic...

Normal findings were more frequent in the left hand
(26.7% vs. 6.7%).

Sonographic Findings of the Median Nerve

Sonographic analysis of the median nerve in the right
hand revealed significant inter-group differences. The
CSA at the mid-forearm level (mean=7.97 mm?) was
statistically different across groups (P=0.000),
particularly between the normal vs. severe, and mild
vs. moderate/severe groups. Likewise, median nerve
width at the mid-forearm showed significant variation
among groups (P=0.006), most pronounced between
the mild group and the moderate/severe groups.

At the proximal carpal tunnel entrance, statistically
significant differences were observed in both the
median nerve’s CSA and width across the patient
groups (P=0.002 for both). The most pronounced
difference in CSA was between individuals with
normal findings and those with severe CTS, while the
most significant difference in width was noted
between the mild CTS group and the moderate/severe
groups.

Further analysis indicated significant group
differences in CTS progression, reflected by changes
in CSA and width (P=0.003, 0.004, and 0.005,
respectively), suggesting a correlation between larger
median nerve CSA and width within the carpal tunnel
and increased disease severity (Table 2).
Measurements at the mid-forearm level also revealed
significant variations. The median nerve’s CSA
showed significant differences among groups,
especially between normal and severe CTS
classifications. Similarly, its width at this level
differed significantly, with the greatest distinction
between the normal and moderate CTS groups.

At the proximal carpal tunnel entrance, the median
nerve’s CSA showed a significant difference
(P=0.001), primarily between the normal and
moderate groups. The nerve width at this level also
differed significantly (P=0.010), with the most notable
distinctions between the normal and the combined
moderate/severe groups. Furthermore, the cross-
sectional area (CSA) of the median nerve distal to the
carpal tunnel on the left hand differed significantly
among the patient groups. This difference was most
striking when comparing the severe CTS group
against the normal, mild, and moderate groups. The
differences among the groups showed P-values of
0.028, 0.08, and 0.025, respectively. The differences
in depth and cross-sectional area were statistically
significant.

In the right hand, both sonographic parameters were
useful for diagnosing CTS. The CSA with a cut-off of
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Despite the ability of EDX to determine both the
presence and severity of the condition, the procedure
is time-consuming, relatively expensive, and may
cause patient discomfort. In addition, reported
false-negative rates range from 16-34%.7

In recent years, ultrasonography has gained increasing
recognition as a useful modality for diagnosing CTS
due to its wide availability, affordability, noninvasive
nature, and capability to visualize structural changes
in the median nerve. Various sonographic indices have
been suggested as diagnostic markers, including the
median nerve cross-sectional area (CSA), swelling
ratio, flattening ratio, and the median-to-ulnar nerve
ratio.”> ® Of these metrics, the cross-sectional area
(CSA) of the median nerve at the carpal tunnel’s
entrance (near the pisiform bone) is regarded as the
most dependable indicator, showing reported
sensitivities between 57-94% and specificities
between 57-98%.7- 9 Tai et al., in a meta-analysis,
indicated that a CSA cutoff value of >9 mm? provides
the best diagnostic accuracy (sensitivity 87.3%,
specificity 83.3%).7- 19 Similarly, Torres-Costoso et
al. identified an optimal threshold between 9.5 and
10.0 mm?, reporting pooled sensitivity and specificity
of 81% and 84%, respectively.(!!

Therefore, given its diagnostic accuracy and practical
advantages, evaluating the diagnostic value of
sonography in CTS can help establish it as a reliable,
patient-friendly  alternative  or  adjunct to
electrodiagnostic studies.

Materials & Methods

Study Design

This cross-sectional diagnostic study was conducted
on patients who attended the Orthopedic Clinic of
Shahid Saduoghi Hospital and its outpatient
department over an 18-month period, presenting with
classical clinical features of CTS.

Inclusion and Exclusion Criteria

Inclusion criteria

All individuals exhibiting wrist pain and symptoms
suggestive of CTS were enrolled in the study.

Exclusion criteria

Participants with a history of acromegaly, diabetes
mellitus, previous wrist trauma or surgery, or those
who were pregnant at the time of evaluation were
excluded.
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Data Collection Tools and Procedures

Patient information was recorded using a structured
questionnaire designed jointly by orthopedic and
radiology specialists.

Study Protocol

Participants meeting all inclusion criteria and no
exclusion criteria were enrolled. Subsequently, they
were stratified into mild, moderate, and severe
symptom severity groups based on nerve conduction
study (NCS) findings. Subsequently, all participants
underwent ultrasonographic evaluation, performed
blinded to NCS findings. Baseline patient data,
including demographic characteristics and clinical
severity of disease, were documented by an orthopedic
specialist using the Boston Carpal Tunnel
Questionnaire (attached as an appendix).

Ultrasound Protocol

Ultrasonographic assessments were carried out using
a 7-12 MHz linear-array transducer by a fourth-year
radiology resident who was unaware of the patients’
clinical and electrophysiological results.

Table 1: The mean age and BMI in different groups of

patients based on EMG-NCV

. . P-
Variables Normal Mild Moderate Severe
value
Age
};;il:; 515545 | 4616564 | 52.56£6.7 | 49.63+7.3
0.344
Lefihand | 4081272 | 5144557 | 5352471 | 52.145.9
BMI
Right 2335437 | 27.50£53 | 2521453 | 28.115.7
hand
0.01
Lefihand | 2692543 | 255:47 | 265144 | 28.1426.7

For every participant, the following parameters were
measured: Measurements of the median nerve’s CSA
and carpal tunnel dimensions were conducted
according to established anatomical reference points.
Specifically, the mid-forearm CSA was captured
approximately 15 cm proximal to the flexor
retinaculum. The proximal and distal carpal tunnel
CSAs were determined at the tunnel’s inlet and outlet,
respectively. Bony dimensions were defined by the
transverse diameter between the trapezium and
hamate hook, and the depth from the flexor
retinaculum to the lunate bone. These definitions
follow standard references'” and were consistently
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Diagnostic Value of Sonographic Parameters in Carpal Tunnel Syndrome

(A Cross-Sectional Study)

6bstract \

Introduction: Carpal tunnel syndrome (CTS) represents the most prevalent form of compressive neuropathy.
Although electrodiagnostic assessments (EMG-NCV) are routinely used for diagnosis and demonstrate good
accuracy, they are invasive procedures and can sometimes produce false-negative outcomes. In recent years,
high-resolution ultrasonography has gained attention as a noninvasive, widely available, and cost-efficient
diagnostic option. The purpose of this study was to investigate the usefulness of sonographic evaluation in
diagnosing CTS and to examine how its findings relate to clinical symptoms and electrophysiological results.
Materials & Methods: In this cross-sectional diagnostic study, individuals with a clinical suspicion of carpal tunnel
syndrome were assessed. Each participant underwent both EMG-NCYV testing and bilateral wrist ultrasonography.
Sonographic variables, including the cross-sectional area (CSA) and the width of the median nerve at various points
along the forearm and within the carpal tunnel, were compared among electrodiagnostic severity categories
classified as normal, mild, moderate, and severe. The sensitivity and specificity were determined for chosen CSA
and nerve-width cutoff values.

Results & Discussion: 60 patients with the mean age of 49.5+£10.4 years and mean BMI of 26.843.6 kg/m? being
90% female and 80% with bilateral involvement were studied. Age was not significantly associated with CTS
severity (P=0.344), whereas higher BMI correlated with greater severity (P=0.01). Median nerve CSA width
increased parallel with disease severity. In the right hand, a CSA cut off of 8.5 mm? at the carpal tunnel yielded
87.5% sensitivity and 81.7% specificity; in the left hand, a CSA cut off of 8 mm? provided 70% sensitivity and
95.5% specificity. Nerve width > 5 mm showed high sensitivity but lower specificity.

Conclusion: Ultrasonography—especially assessing the cross-sectional area of the median nerve—serves as a
dependable, noninvasive, and precise complementary tool alongside EMG-NCV for both identifying and grading
the severity of CTS.

Keywords: Carpal tunnel syndrome, cross-sectional anatomy, electrophysiology, ultrasonography, median nerve
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