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Abstract

Finger flexor pulley injuries are the most common overuse injuries sustained by climbers. These 

injuries  are  caused  by  forceful  gripping  techniques  specific  to  climbing,  making  them 

uncommon in non-climbing activities. With the growing popularity of climbing, there is a rising 

need for accurate diagnosis and improved treatment methods. This paper explores current 

diagnostic techniques, including physical examination, ultrasound, and magnetic resonance 

imaging. It also discusses treatment options, which range from conservative rehabilitation to 

surgery, depending on the severity of the injury. Finally, it emphasizes the importance of injury 

prevention through proper warm-up and avoiding excessive strain.
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Introduction 

Flexor tendon injuries are a relatively newly recognized disease entity. The first scientific paper 

to appear on the subject was written in 1990 and concerned injury to the A2 pulley . The 

growing popularity of climbing as a sport has led to a surge in these injuries . The inclusion 

of combined climbing in the 2020 Tokyo Olympics, which incorporates bouldering, speed 

climbing, and lead climbing, has further increased awareness. Bouldering, specifically, poses 

the highest risk of flexor tendon injuries due to its powerful, dynamic movements on several 

meters high (rock, artificial) walls without a rope for safety . These acrobatic maneuvers 

require climbers to exert maximal force in a very short time frame. While climbing is a primary 

culprit, flexor tendon injuries can also occur in other sports like baseball and bowling, where 

forceful gripping with flexed position of the fingers is common .

Anatomy 

Figure 1: Anatomy of Finger Pulley (Horst, 2008) 

The illustration details  the pulley system within the finger.  Five ligamentous rings called 

annular pulleys (A1-A5) encircle the flexor tendons, holding them close to the bone. Three 
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additional cross-shaped ligaments, the cruciate pulleys (C1-C3), provide further support. By 

keeping the tendon close to the bone during both flexion and extension, these pulleys ensure 

smooth and efficient finger movement. They act as stabilizers, preventing the tendons from 

bowstringing (sliding away from the bone) .

The A2 is located between the metacarpophalangeal (MCP) and proximal interphalangeal (PIP) 

joint, while A4 sits between proximal interphalangeal (PIP) and distal interphalangeal (DIP) 

joint.  The remaining pulleys, A1, A3 and A5 lie on the volay plate,  positioned over each 

respective joint (MCP, PIP and DIP) .

Research using methylene blue injections has shown that the A2 and A4 pulleys are thicker and 

stronger than the others ( . They are anchored directly to the bone, preventing finger 

hyperextension and converting the pulling force of the tendons into rotation and torque at the 

metacarpophalangeal and interphalangeal joints  . Since the greatest forces are acting on 

them, the A4 pulley is damaged first, followed by the A2 pulley, when maintaining grip position  

.

Injuries

Figure 2: Different types of grips, starting from the upper left corner and going clockwise: 
crimp grip position, closed crimp grip position, finger pocket grip, open hand grip.
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A retrospective study involving 667 climbers revealed that over half (41.3%) sustained chronic 

injuries, with fingers being the most common site (compared to shoulders at 19.4% and elbows 

at  17.7%) regardless of  gender.  These injuries are more frequent  among less experienced 

climbers who practice the sport recreationally compared to those who climb on elite level . In 

bouldering, the difficulty of the route depends mostly on the size of the holds and wall overhang. 

As the grip size decreases and wall overhang increases, the required force for movement also 

rises, consequently placing greater strain on the fingers. Climbers at the elite level like William 

Bosi are able to perform a single arm hang on a 6-millimeter edge. During climbing, the entire 

body weight often rests on just one or two flexed fingers, significantly straining the pulleys. 

These injuries can result from either a single traumatic event (acute) or repetitive microtrauma 

. Climbing on artificial walls carries a higher risk of injury compared to natural rock due to 

the prevalence of dynamic and acrobatic movements . Climbers utilize various grips 

like crimp, open grip and pinch. The crimp grip involves using small edges with the proximal 

interphalangeal  (PIP)  joint  flexed  >  90°  and  distal  interphalangeal  (DIP)  joint  in 

hyperextension. This positioning exerts significantly more stress on the pulleys compared to an 

open grip, with forces reaching up to 36 times higher . The severity of injury can range 

from a strain to a complete rupture of one or multiple pulleys, as detailed in the Schöffl grading 

scale shown in Table 1. 

Table 1. Pulley injuries score . 

Grade Injury 

1 Pulley strain 

2 Complete rupture of A4 or partial rupture of A2 or A3 

3 Complete rupture A2 or A3 

4 
Multiple ruptures (as A2/A3, A2/A3/A4) or single rupture (as A2 or A3) combined with 

lumbricalis muscle or collateral ligament trauma
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Diagnosis

The  diagnostic  process  of  flexor  tendon  pulley  injuries  typically  begins  with  a  physical 

examination.  The  characteristic  clinical  presentation  includes  sudden  sharp  pain,  possibly 

accompanied by a poping sound, during climbing. The patient may also report ongoing pain and 

tenderness of the area affected by the injury. Upon examination, a hematoma or bruise may be 

visible at the injury site .

If the physical examination result is inconclusive, imaging studies are necessary. While X-rays 

are excellent for visualizing bone abnormalities like fractures or avulsion injuries, they are not 

suitable for imaging soft tissues like flexor tendons . Similarly, computed tomography 

(CT) scans primarily image bones, although they can depict pulley ruptures. An advantage of 

computed tomography is the ability to image passively and against resistance, and to examine 

the opposite finger for comparison . The disadvantages are the high cost and long time to 

perform the test, the relatively high radiation dose, so this test is not routinely used.

Ultrasound  (USG)  and  magnetic  resonance  imaging  (MRI)  are  considered  the  preferred 

imaging modalities  for  diagnosing flexor tendon injuries due to their  high sensitivity and 

specificity. These imaging techniques not only confirm the diagnosis but also help determine the 

severity of the injury . Prompt and accurate diagnosis is crucial for selecting the most 

appropriate  treatment  course,  preventing  degenerative  changes  and  contractures,  and 

facilitating a return to physical activity. 

USG 

Ultrasound examination is currently considered the preferred imaging modality for diagnosing 

flexor tendon injuries . It is the most frequently used tool in diagnostics. This is influenced 

by its wide availability, low price, speed of performing the examination, lack of negative side  

effects and contraindications to its performance. Due to resolution when examining soft tissues, 

it  is suitable for detecting a complete disruption of annual pulley ligaments  .  Another 

advantage is the ability to perform dynamic assessments during finger movements. However, 

ultrasound results depend on the skill and clinical experience of the person performing it 

. The results are also influenced by the equipment used and the type of ultrasound head . 

During an ultrasound exam, the distance between the tendon and bone is measured. A separation 

<2 millimeters typically indicates a strain, while a greater separation suggests a tendon rupture  

. When ultrasound findings are inconclusive, MRI is the next diagnostic step.  
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MRI 

Several studies have shown that MRI can be used with significant effect in detecting pulley  

injuries . During the interpretation of the examination results, two types of sequences are 

used. The T1 sequence allows us to measure the distance between the tendon and bone, while 

the T2 sequence can identify other potential causes of the condition, such as isolated flexor 

tendosynovitis  . MRI's high soft tissue contrast allows visualization of indirect signs of 

annular pulley rupture (APL) like bowstringing and localized hematoma . While MRI offers 

valuable diagnostic information, it is important to consider its limitations, such as higher cost,  

limited availability, and longer exam times and lack of dynamic examination capability .

Treatment

Schöffl,  in his  work,  proposed a 4-grade system for assessing the degree of damage and 

depending  on  the  degree  obtained,  suggested  a  method  and  duration  of  treatment  . 

Classification has been updated by Lutter . 

Table 2. Updated classification of finger pulley injuries and therapeutic guidelines .

  Grade I Grade II Grade III Grade IV a Grade IV b 

  Pulley strain  Complete tear 
of A3 or A4 
Partial tear of 
A2 

Complete tear 
of A2 

Multiple ruptures: 
A2/A3 or A3/A4 
rupture if:

 No major 
clinical 
bowstring 

 Ultrasound 
proven 
possibility 
of 
repositionin
g of the 
flexor 
tendon to 
the bone 

  Therapy 
starting <10 
d after 
injury 

 No 
contracture 

Multiple ruptures:
 A2/A3 or 

A3/4 with 
obvious 
clinical 
bowstring 

  A2/A3/A4 
rupture 

 Singular 
pulley 
rupture with 
FLIP 
phenomena 

 Singular 
rupture with 
increasing 
contracture 

 Singular 
rupture with 
secondary, 
therapy 
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resistant, 
tenosynovitis 

Therapy Conservative  Conservative  Conservative  Conservative, if 
secondary onset of 
PIP contracture 
>20◦ secondary 
surgical 

Surgical 

Immobilizatio
n 

None Optional, <5 
days 

Optional, <5 
days 

Optional, <5 days  Postsurgical 14 
days 

Functional 
therapy with 
pulley 
protection 
(defined) 

2–4 weeks H-
tape (during 
daytime) or 
thermoplastic 
pulley ring 

6 weeks 
thermoplastic 
pulley ring 

6–8 weeks 
thermoplastic 
pulley ring 

8 weeks 
thermoplastic 
pulley ring 

4 weeks 
thermoplastic ring 
(after 2 weeks of 
immobilization) 

Easy sport 
specific 
activities 

After 4 
weeks 

After 6 
weeks 

After 8 
weeks 

After 10 weeks  After 4 months 

Full sport 
specific 
activities 

After 6 
weeks 

After 8–10 
weeks 

After 3 
months 

After 4 months  After 6 months 

H-taping 
during 
climbing 

3 months 3 months 3 months >12 months >12 months 

In grade I-III injuries, treatment is conservative. Depending on the severity of the injury, it  

consists of rest, immobilization with a protective splint, taping, or the use of thermoplastic 

pulley rings. Functional therapy with pulley protection should last from 2 to 8 weeks, depending 

on the severity of the injury. Cooling compresses, anti-inflammatory ointments for topical use, 

and orthoses can also be used in conservative treatment . While some studies advise against 

corticosteroid injections due to potential tendon damage, a recent study by Schöffl suggests 

effectiveness in chronic cases,  provided the injection technique is  precise to avoid pulley 

damage.  Leech therapy may be  considered  for  patients  who fail  to  improve  with  steroid 

injections . Recovery time varies depending on the severity. For pulley strains, return to 

sport may be possible within 4 weeks, with full finger loading achievable by 6 weeks. As the 

severity of the injury increases, healing-time lengthens. In cases of multiple ruptures, singular 

rupture with increasing contracture, lack of improvement after conservative treatment with loss 
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of active range of motion of finger flexion, surgical treatment might be necessary. In surgical 

treatment, the extensor retinaculum or other palmaris longus tendon is used as a replacement 

material for the damaged pulley . There are several different surgical techniques such as: 

"belt loop", the "single loop", the "loop and a half" and the "triple loop" techniques . The 

results of the above techniques are positive and not significantly different to each other. The 

choice of a specific one depends on the patient's case and surgeon's skill and experience 

.  Following  surgery,  a  splint  and  then  taping  will  be  used  to  immobilize  the  finger. 

Rehabilitation timelines and return to activity vary significantly based on the individual case, 

ranging from weeks to months . 

Prevention  

An article on climbing injuries in children and adolescents suggested the following methods for 

preventing  finger  injuries  during  bouldering:  warm-up  and  cool-down,  age-  and  gender-

appropriate training intensity, predominance of static over dynamic movements, avoidance of 

frequent use of a clenched grip position and no preventive use of taping . In contrast, other 

studies have failed to prove that general sports injury prevention measures, such as adequate 

warm-up before training or stretching after physical activity, lead to a reduction in pulley  

injuries . Preventive finger taping prior to injury is not recommended. However, taping 

fingers  that  have already been injured can help prevent  reinjury;  taping reduces the load 

affecting the pulleys up to 13%  . The most recommended method is the H-tape 

technique shown below .
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Figure 3: Example of H-type tape and applied on a finger.

Summary 

The growing popularity of climbing has led to a surge in research on climbing-related injuries, 

with a particular focus on flexor tendon pulley injuries in the fingers. Ultrasound has emerged as 

the  preferred  diagnostic  tool  for  these  injuries,  with  MRI  used  in  more  complex  cases.  

Treatment for grades I-III injuries typically involves conservative measures like splinting and 

rehabilitation, while surgical intervention may be necessary for grade IV injuries and severe 

cases. An ambiguous topic that needs to be further explored are ways to prevent pulley injuries 

and identify climber-specific risk factors.
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