MEDICAL SURGERY

Comprehensive Surgical Analysis: The Atlas of Cleft Lip
and Cleft Palate Surgery

Published: November 24, 2026 | Index ID: #334

Cleft lip and cleft palate (CLP) represent some of the most complex challenges in craniofacial and reconstructive
surgery. As the most prevalent congenital anomalies of the head and neck, their management requires a profound
understanding of embryology, functional anatomy, and precise surgical technique. The Atlas of Cleft Lip and Cleft
Palate Surgery, authored by Howard W. Smith and featured as Volume 5 of the Comprehensive Surgical Atlases
in Otolaryngology and Head and Neck Surgery, serves as a foundational text for practitioners in this field. This
analysis provides a deep dive into the technical frameworks, anatomical considerations, and procedural
methodologies outlined in this seminal work and the broader clinical landscape of cleft repair.

The Historical and Clinical Context of Cleft Surgery

Surgical intervention for cleft lip and palate has evolved from rudimentary closures to sophisticated reconstructive
procedures that aim not only for aesthetic symmetry but for optimal functional outcomes in speech, hearing, and
dental development. The 1980s, the era in which Howard W. Smith published his comprehensive atlas, marked a
significant period of standardization in otolaryngology. During this time, the refinement of the Rotation-
Advancement technique (Millard) and the Triangular Flap technique(Tennison-Randall) reached a level of
maturity that continues to influence modern practice.

The significance of a dedicated surgical atlas cannot be overstated. Unlike general surgical texts, an atlas provides
the visual granularity necessary to navigate the distorted anatomy of a cleft. The inclusion of technical illustrations
by contributors like David M. Bolinskyhighlights the necessity of visual-spatial understanding in repositioning the
orbicularis oris muscle and reconstructive nasal cartilages.

Embryological Framework and Anatomical Pathophysiology

Understanding the surgical correction of clefts requires a meticulous grasp of the embryonic development of the
face. Clefting occurs due to a failure of fusion between various facial prominences between the 4th and 12th weeks
of gestation.

The Primary Palate

The primary palate includes the structures anterior to the incisive foramen: the upper lip and the premaxilla.
Developmentally, this involves the fusion of the medial nasal process with the maxillary processes. Failure of
this fusion results in a cleft lip, which may be unilateral or bilateral, complete or incomplete.

The Secondary Palate

The secondary palate comprises the hard palate posterior to the incisive foramen and the entire soft palate

(velum). This forms via the elevation and fusion of the palatine shelves of the maxillary processes. In cleft palate
patients, the levator veli palatinimuscle—responsible for elevating the soft palate during speech and swallowing—
is abnormally inserted into the posterior border of the hard palate (the aponeurosis) rather than forming a functional
muscle sling across the midline.

Technical Analysis of Unilateral Cleft Lip Repair



The primary goal of unilateral cleft lip repair is to restore the continuity of the orbicularis oris muscle, create a
symmetrical Cupid’s bow, and reconstruct the nasal sill and ala. The Atlas of Cleft Lip and Cleft Palate Surgery
details several core methodologies, the most prominent being the Millard Rotation-Advancement.

1. The Millard Rotation-Advancement Technique

This technique is based on the principle of "cutting as you go." It involves a rotation incision on the medial side of
the cleft to allow the Cupid’s bow to drop into a normal horizontal position, and an advancement flap from the
lateral side to fill the resulting gap. The key steps include:

e Marking Landmarks: Identifying the peaks of the Cupid’s bow (points 1, 2, and 3) and the base of the
columella.

* The Rotation Incision (Medial): A curved incision extending from the peak of the bow toward the columellar
base, allowing the medial lip element to rotate downward.

e The Advancement Flap (Lateral): A flap (Flap B) is mobilized from the lateral segment and advanced into the
defect created by the rotation of the medial segment.

¢ Muscle Reconstruction: Precise dissection and re-approximation of the orbicularis oris muscle fibers, which
are often oriented vertically toward the nasal ala in the cleft state.

2. The Tennison-Randall Triangular Flap Technique

Unlike the Millard technique, this is a geometrically planned repair. It uses a triangular flap from the lateral segment
to lengthen the medial segment. While it provides excellent length and is highly reproducible, it results in a scar that
crosses the natural line of the philtral column.

Comparison of Primary Unilateral Lip Repair Techniques



Feature Millard Rotation-Advancement Tennison-Randall Triangular Flap

Philosophy Physiological/Anatomical flexibility Geometric precision

Scar Placement Follows natural philtral column Crosses the lower third of the philtrum

Tissue Preservation High; minimal tissue discarded Requires specific geometric excision

Complexity High (requires intraoperative Moderate (based on pre-op
adjustment) measurements)

Best Use Case Wide range of cleft widths Short medial lip segments

Advanced Procedural Execution: Palatoplasty

Palatal repair, or palatoplasty, is performed typically between 9 and 18 months of age. The objective is to provide a
functional partition between the oral and nasal cavities and to establish an intact musculature for speech (the
velopharyngeal mechanism).

The Von Langenbeck Repair

This is the oldest and simplest form of palatoplasty. It involves bipedicled mucoperiosteal flaps. The surgeon
creates lateral relaxing incisions and bridges the cleft by shifting the flaps medially. While effective for closing the
hard palate, it does not provide significant lengthening of the soft palate.

The Wardill-Kilner V-Y Pushback

This technique aims to increase the length of the palate to improve speech outcomes. It involves the use of
unipedicled flaps that are pushed back and sutured in a V-Y configuration. A significant drawback discussed in
technical literature is the larger area of denuded bone left laterally, which can lead to maxillary growth inhibition and
dental crowding.

Furlow Double-Opposing Z-Plasty

A more modern technique often contrasted with the methods in Smith’s atlas is the Furlow repair. This procedure
uses a Z-plasty on both the oral and nasal mucosa to lengthen the soft palate and, crucially, to reorient the levator
muscles into a transverse position without requiring extensive lateral relaxing incisions.

The "Rule of Tens" in Pediatric Surgical Planning

Safety is paramount in neonatal and infant surgery. The Atlas of Cleft Lip and Cleft Palate Surgeryemphasizes
the traditional "Rule of Tens" as a prerequisite for elective cleft lip repair. This guideline ensures the infant is
physiologically robust enough to handle general anesthesia and the stress of surgery.

1. Weight: At least 10 pounds (approx. 4.5 kg).

2. Hemoglobin: At least 10 g/dL.

3. Age: At least 10 weeks old.

4. White Blood Cell Count: Less than 10,000/mm3 (indicating the absence of acute infection).

Field Guide: Step-by-Step Surgical Workflow

The success of cleft surgery is determined by the preparation and execution of a standardized workflow. Below is a



summarized technical guide derived from established otolaryngological protocols.

Pre-Operative Phase

¢ Airway Assessment: Checking for associated syndromes like Pierre Robin Sequence (micrognathia,
glossoptosis).

¢ Landmark Marking: Using methylene blue or a fine-tip surgical marker to identify the peaks of the Cupid’s
bow, the nasal sill, and the midline of the columella.

Intra-Operative Phase

e Local Infiltration: Injection of lidocaine with epinephrine (1:200,000) for hemostasis and hydrodissection.

« Incision and Dissection: Following the marked lines, incisions are made through the skin and mucosa. The
orbicularis oris muscle must be completely released from its abnormal insertions on the maxilla and nasal ala.

¢ Muscle Re-approximation: Utilizing 4-0 or 5-0 long-term absorbable sutures (like PDS) to create the muscle
sling.

e Skin Closure: Fine 6-0 or 7-0 monofilament sutures are used for the skin to minimize scarring.

Post-Operative Care

« Airway Monitoring: Especially critical in palatoplasty due to the risk of post-op edema.

e Suture Line Care: Application of antibiotic ointment and use of "Logan’s Bow" (a metal tension-relieving
device) in some traditional settings to protect the lip repair.

» Feeding Protocols: Transitioning from specialized bottles (e.g., Haberman feeder) to cup or syringe feeding to
avoid tension on the suture line.

Case Studies and Troubleshooting Common Challenges

Even in the hands of expert surgeons, cleft surgery presents unique failure modes. Analyzing these common errors
is essential for clinical mastery.

1.The "Whistle Notch" Deformity

Problem: A deficiency of tissue at the vermilion-mucosal junction of the lip, leading to a notch-like defect.Cause:
Inadequate rotation of the medial segment or insufficient advancement of the lateral segment.Solution:Revision
surgery using a small Z-plasty or a V-Y advancement (Kapetansky technique) to add bulk to the vermilion.

2. Oronasal Fistula

Problem: An unintended opening between the mouth and the nose following palatoplasty.Cause: Excessive
tension on the suture line, hematoma formation, or infection.Solution:Local flap closure (e.g., tongue flap or
buccal mucosal flap) after allowing the tissue to mature for at least 6-12 months.

3.Velopharyngeal Insufficiency (VPI)
Problem: Inability to seal the nasal cavity from the oral cavity during speech, resulting in hypernasality.Cause: A

palate that is too short or has poorly functioning musculature.Solution:Pharyngeal flap surgery or sphincter
pharyngoplasty to narrow the velopharyngeal port.

Mathematical Models in Cleft Reconstruction

Modern surgical planning often incorporates geometric and mathematical modeling to predict outcomes. The Z-
plasty, a staple of cleft repair, is governed by the formula for limb transposition. If a Z-plasty is designed with 60-
degree angles, the theoretical gain in length is approximately 75%. In cleft surgery, these angles are adjusted
based on the available tissue laxity and the specific requirements of the philtral column length.



Furthermore, the Rotation-Advancementtechnique can be viewed as a vector-based problem. The degree of
rotation (in degrees from the horizontal) must precisely match the deficit in the vertical height of the cleft lip
segment. Failure to calculate this accurately results in a "short lip" deformity.

The Multidisciplinary Approach

The Atlas of Cleft Lip and Cleft Palate Surgeryis not just a guide for the operating room; it implies a long-term
commitment to the patient. A comprehensive cleft team usually includes:

¢ Otolaryngologist/Plastic Surgeon: Primary surgical repair.

* Orthodontist: Management of maxillary expansion and alveolar bone grafting (usually between ages 7-9).

¢ Speech-Language Pathologist: Monitoring for VPI and speech development.

¢ Audiologist: Cleft palate patients are prone to Eustachian tube dysfunction and chronic otitis media with
effusion.

Synthesis of Surgical Standards

The work of Howard W. Smith and the series of Comprehensive Surgical Atlases in Otolaryngologyprovided a
much-needed standardization of procedures. By documenting step-by-step techniques for double complete cleft lip
repair and complex palatal closures, these texts bridged the gap between residency training and specialized
craniofacial practice.

In contemporary practice, while we have added technological boons such as 3D imaging, virtual surgical planning
(VSP), and better suture materials, the fundamental principles of tissue handling and anatomical restoration
described in the 1983 atlas remain the gold standard. The key to success in cleft surgery remains the meticulous
attention to the orientation of the facial muscles and the preservation of the delicate blood supply to the
mucoperiosteal flaps.

As we look toward the future, the integration of regenerative medicine and tissue-engineered scaffolds may reduce
the need for donor site morbidity in alveolar bone grafting. However, the foundational "atlas" approach—relying on
high-fidelity visual guides and proven surgical maneuvers—will continue to be the primary method for training the
next generation of reconstructive surgeons. The legacy of Howard W. Smith’s work is a testament to the enduring
nature of anatomical precision in the pursuit of restoring both form and function to children born with cleft
anomalies.
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